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PREFACE 


Tlie purpose of this volume is to present in as brief a space as feasible 
the important information pertaining to diseases of the field crops. In- 
vestigations on the diseases of this group of economic plants and upon the 
crop plants themselves are continually contributing new facts and modi- 
fying former points of view; therefore, a volume of this type can never 
be complete for the relatively large number of diseases included. Fur- 
thermore, investigations on many of the diseases are inadequate and 
much of the literature deals with limited phases of the diseases. Con- 
sequently, this volume is offered not as a complete treatise of subject 
matter or literature but rather as a convenient reference outline on cur- 
rent information concerning the diseases of this group of crop plants. 

The diseases are listed on the basis of the primary cause of the disease 
under the crop plants included. While many of the diseases occur on 
more than one crop plant, especially in the cereals, and grasses, the 
economic importance and varietal reactions within the various crop 
species differ considerably. The rather general tendency toward the 
specialization of agricultural investigations of crop plants argues further 
for the ])resentation of the diseases- on this basis as a convenient reference 
volume for the iiivestigator. The student using the volume as a text in 
diseases of field crops will acquire, perhaps, a better comprehension of the 
disease and more stimulation toward individual thinking by reference to 
several chapters for the information on a given disease. For the con- 
venience of the teacher and as a guide to the student, the diseases are 
regrouped in the appendix on the basis of (1) the primary causal factor, 
a suggested list for class presentation on this basis, and (2) a list of the 
bacteria and fungi arranged by order and family. The body of the text 
is divided into three sections: (1) diseases of cereals and grasses, (2) 
diseases of legumes, and (3) diseases of fiber and other field crops. Several 
crop plants frequently included in field crops, such as field beans, field 
peas, potatoes, sugar beets, etc., are omitted, as they will be included in 
'T3iseases of Vegetable Crops/’ by J. C. Walker, to appear in this series 
of texts. The crop plants are arranged alphabetically within the three 
sections. The diseases are arranged under each crop plant on the basis 
of the primary causal factor as follows: (1) nonparasitic, (2) virus, (3) 
bacterial, (4) phycomycetous, (5) ascomycetous, (6) hypomycetous 
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(f uiigi-imperfecti) , and (7) basidioniycetous. dntail<’d fiis<‘ussi<'ni of 

a disease occurring on several crop plants is givtni undcn’ one ('n>p oiily^ 
and cross reference is made to this discussion in ilic oilier (‘iuiptin-s* 

A uniform plan of clLscussion of ea<!h ilisease has nut Ix^m hilhoveil 
because of inadequate inforination in the cusi^ of (’ertain diseasis, !n 
general, an attempt has been made to give tiie gf ograpiiic* distribution of 
the disease, the symptoms, the primary cause of (‘ach one, ami tla^ condi- 
tions that favor its development and dissemination, and, finally, to <lis“ 
cuss palliative and control measures. C<>nsi<le!-a!>l<* canphasis lias beim 
given the morphology of the fungi concenKal with the iiiseasf*s, as tliey, 
perhaps, are the most reliable key to recognizing tlu^ disease* u!id eo|)ing 
with its control Physiologic specialization and bioiyp(*s oi tin* parasites 
are discussed in some detail as an aid to l,)oth the* iilant pathologist and 
the plant breeder. Citation to pertinent literutun* is inude with each 
chapter, and such publications frc(|iiently contain ndcu’cmces to otlu*r 
papers, as important, possibly, as those cited. Tln^ refer<‘n<‘C‘s liuve \mm 
selected not only as the basis of the information usexl in tlie t{*xt but also 
as a convenient source for the student seeking more dc*laik‘d infonnation. 
Many references have been omitted in instan<*(*s whvrn good bibliogra- 
phies have been given in general papers on the dis(*as<*s. These Idblio- 
graphical papers are noted after the citation of the article in the rebaxmee 
lists. 

This volume has evolved from several mim{X)graphed outlines over a 
period of more than 20 years: first, class outlines in the ch'paiinumt of 
plant pathology at the University of Wisconsin and, later, several runs of 
^^Outline of Diseases of Cereal and Forage Cro|> Plants n! the Northern 
Part of the United States,” published by the Ibirgess i^ublisbing (Com- 
pany of Minneapolis, Minn. The of the University of Wis- 

consin, of the various divisioiis of the Bureati of Plant Industry, Soils, 
and Agricultural Engineering of the Agricultural Hesearch Administra- 
tion in the U. S. Departmeitt of Agriculture, and of many stuici agricul- 
tural experiment' stations, colleges, and imiversiti{\s have been used in the 
compilation and preparation of the volume. The book is therefore \mng 
offered without author's royalties in order to make the material availalile 
to students and investigators in this and allied fields of the plant Si^ierices 
at the minimum cost. 

The volume represents the contributions of mai^y colleagues in my- 
cology, plant pathology, agronomy, and plant breeding who have co- 
operated generously through conference, correspondence, and supplying 
data or illustrations. Each chapter has been reviewed by several in- 
vestigators specializing on certain diseases or upon the maladies of c<u*tain 
crop plants. Although the list of these reviewers is too long to be 


PREFACE 


ix 

included cooperation is appreciated and their contributions grate- 
fully recognized. Some of the experimental results included herein are 
from the unpublished work of specific investigators, quite frequently 
the reviewers. Where practical, ^^ t^^ credit is designated by footnotes, 
although in many instances the information is involved in statements and 
discussions and cannot therefore be recognized except by a general 
appreciation of the cooperation. Appreciation is expressed to the 
author’s wife, Leah A. Dickson, for her suggestions and for reading the 
manuscript and proof. 

In nomenclature, the author has followed the U. S. Department of 
Agriculture wherever possible. Unfortunately, there is no general agree- 
ment nationally or internationally on binomials for the man-made species 
of plants and animals; to be consistent, therefore, some system must be 
adopted arbitrarily. 

Illustrations contributed by the various cooperators are indicated in 
the legends. The remainder are from original photographs taken largely 
l)y Eugene Herrling of the department of plant pathology of the Univer- 
sity of "Wisconsin. 

Whatever merit this volume may have is due in large part to the co- 
operation of the niany who contributed to its preparation; whatever its 
deficiencies, the author assumes full responsibility. 

Jambs G. Dickson 

' Maihson, Wis., 

May, 1947, 
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SECTION I 

GENERAL INTRODUCTION 


CHAPTER I 
INTRODUCTION 

The history and development of field crops have been associated with ' 
plant diseases. Throughout the years, one or another plant malady has 
threatened the economy of crop production, with the result that the 
malady was brought under control or the crop shifted to other eviron- 
ments. Economic presvsures frequently have been involved in these 
adjustments. The history of these battles has been an interesting one, 
and it has illustrated the ability of man and the adaptability of plants. 
Undoubtedly the same battle existed in the past when subsistence 
farming was the problem of the family, although generally the conflict 
was neither so spectacular nor so broad in its implications. With the 
advent of commercial farming and the subsequent production of large 
continuous acreages of the same variety of a given crop and the product's 
entry into commerce, these adjustments in crop production assumed 
regional and frequently national or international significance. The 
history of plant pathology also has been shaped by such conflicts. 

Diseases of the cereal crops were among the first studied. The early 
studies of plant diseases were dominated by dogma and tradition. 
Knowledge was vague regarding the nature of disease, and the role of 
microorganisms was unknown. Many of the diseases of crop plants 
were attributed to weather conditions, frequently a conspicuous factor 
associated with the unhealthy condition of the crop. Later, when fungi 
were observed to be associated with diseased plants, they were interpreted, 
at first, as the result rather than the cause of the unhealthy conditions. 
For a period, emphasis was placed upon the collection and classification 
of the fungi. In the latter part of the eighteenth century and continuing 
into the early part of the nineteenth century, increasing emphasis was 
placed on systematic mycology. Bulliard, Persoon, Nees von Esenbeck, 
Schw^einitz, Leveille, Fries, and Berkeley contributed much to the early 
classification of the fungi. During the latter half of the nineteenth 
century Fuckel, Karsten, the Tulasnes, Corda, Saccardo, Thaxter, and 
many others advanced the mycological study. 
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Economic pressures for more food in the heavily populated Eiiropcian 
countries was indirectly the force that stimulated tlui investigation of 
diseases and their control. Provost and later Di; Pary proV(>d hy 
experimentation the nature of parasitism, the epidemic (diaraeter of 
fungus diseases, the importance of methods of inocul.atiou and infection, 
and the practical application of disease control, d’luwe two inv<'stigators 
founded the science of phytopathology. Kiilrn was among tlu^ first to 
organize a general, practical attack on the diseases of cult i vat <‘d crops 
with special emphasis on disease control. During the latter half of tlie 
nineteenth century, publications were nunuTous. Among many others 
who contributed special service to plant pathology or indirectly through 
mycological publications were Brefeld, Frank, Ilartig, Hehrtx'ter, HoramT, 

• and Winter in Germany; Oudemans in Hollaml; Cornu, Millar(iet, and 
Priilieux in France; Conies in Italy; Woronin in Hussia; Eriksson, 
Henning, and Jensen in Sweden; Massie, Plowright, ami Ward in 
England; Burrill, Clinton, Farlow, Halstead, Hitchcock, Kellerman, 
Selby, Swingle, and many others in the United States. 

The investigations on diseases of field crops in the United States started 
early with the development of the U. S. D<‘partmeut of Agriculture and 
the state agricultural experiment stations. Much of this early work was 
directed more especially toward immediately practical problems of disea.se 
control. Seed treatments, sanitation, disease reaction of varieties of the 
different cereals, and study of the various fungi constituted the earlier 
investigations. The rediscovery of Mendel’s hiws of h(?re(lity and their 
application to genetics soon offered new techniques for disi'ase control. 
The difference in disease reaction of specific varieties an<l spwnalization 
of the fungus parasites first recognized by Eriks.son and Ward and later 
studied in detail by Salmon, Freeman, Stakman, Reed, and others directed 
attention to disease resistance as a control measure. Orton and Bolley 
working with the wilt diseases developed the early techniques and 
proved the practicability of disease resistance as a control measure. 
Nilsson-Ehle and Biflfin soon after proved that the characters ft)r rust 
resistance were inherited on a definite factorial basis. The advanc(« in 
this field during the past three decades have placed disease resistance as 
of first importance in the control of diseases and the improvement of 
field crops. 

The study of the life cycle of the fungi, especially in relation to the 
fusion of gametes and the genetical implications of these fusions to 
variation in pathogenicity, has become increasingly important in the 
development of basic plant pathology. Knowledge of the nujchanism 
of variation, the rapidity with which new physiological races develop, 
and means of limiting or controlling them all a-ssuTne increasing impor- 
tance with the use of disease resistance as a control measure. 
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The investigations on the influence of environmental conditions upon 
the development of the diseases of field crops have expanded largely 
since Sorauer's early work. The earlier advances in general plant 
physiology and the study of the normal physiology of cultivated plants 
led naturally to the study of the abnormal physiology of diseased plants. 
The environmental complex that predisposes the plant to attack in the 
case of parasitic diseases or induces abnormal functioning or development 
in nonparasitie diseases was studied especially by Ward and Blackman 
in England, by L. R. Jones and associates in the United States, and more 
recently by many others. The application of special environments to 
the production of epiphytotics has materially increased the accuracy of 
the tests for disease resistance and the factorial analysis of resistance. 
With the more intensive cultivation of field crops the so-called ^^deficiency 
diseases” have become of increasing importance. 

The virus diseases first studied by Mayer, Iwanowski^ and Baijerinck 
and demonstrated as transmissible by insects by Takami and E. D. 
Ball are becoming of increasing importance in the pathology of field 
crops. Improved techniques in transmission and identification of 
viruses on various plants have demonstrated their presence in most of 
the cultivated crop plants. 

The science of plant pathology is young. New diseases of cultivated 
plants are being reported. New physiological races of many of the 
important parasites are being found. Fundamental knowledge concern- 
ing the nature of parasitism, the physiology of suscept, parasite, and the 
disease, the life cycle of the parasite, variability in the pathogen, sources 
of disease-resistant parental material, the nature of disease resistance, 
epidemiology, and the action of seed-treatment compounds is increasing 
rapidly. Tlmrefore, a text on diseases of field crops, including a wide 
group of cultivated plants, cannot be completely up-to-date on all phases 
of the subject. The organization of the factual information, a systematic 
discussion of the research reported in the numerous publications, and 
listing of the more important reference material appears essential if 
plant pathologists, plant breeders, and agronomists are to continue 
rendering the maximum service in the development of field crops. 
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PHYSIOLOGICAL ANATOMY OF PLANT GROUPS IN 
RELATION TO DISEASE 

Disease development and, conversely, dis(‘as{‘ resistaiiei/ arc* detc^rinimnl 
in part by morphological structures and physiological pro(‘C‘ss(^s in ilm 
plants involved. The morphology and physioh^gy of t!u‘ plard: ar(^ 
governed by the genetic complenumt (g(»notype) opta'ating witliiu tiie 
plant structures (phenotype) in the external environment. In otlier 
words, the expression of the cornpk^x of gencdic^ fact{)rH through structure 
(morphology) and function (physiology) are eomlitiomal within limits 
by the external environment. The importaiu'e of a basic undtTstJinding 
and experienced familiarity with the physiological anatomy of the 
plants upon which the disease occurs is esscmtial in the eompreliension 
of disease development and in the appii<‘ati(>n of disease control. In the 
nonparasitic diseases, the investigator is eon(*erned with the plant and its 
reaction to excesses or deficiencies in the environment. In the <liseases 
caused by bacteria and fungi, the interplay of two plaiits, the suscept 
and parasite, and the conditioning environnumt are involvinl in <!iseaBe 
development. Or stated in more detail, the potential capacity of the 
bacterium or fungus to incite disease is dependent upon genetic consti- 
tution expressed through morphological structures and physiologicai 
processesS and the environmental complex, including the suB<*ept, umler 
which the x>otential parasite is developing. Likewise thc^ susceptibility, 
tolerance, or resistance, of the suscept is conditioned by a similar complex. 
The presen(?e of natural avenues of entrance for thc^ parasite, the (‘xistcmce 
of tissue barriers, the type of embryonic development, the rate of tlssu<^ 
maturation, and the presence or absence of suita1')le nutrient complexes 
or single compounds are illustrative of a few of the anatomical and 
physiological factors that determine the course of disease cievelopment, 
economic importance, and control Therefore, it is (^sstmiial that the 
plant pathologist be familiar with the physiological anatomy of the 
suscepts as well as the morpliology and physiology of the parasite. 

1. Physiological Anatomy of the Gramineae*— The developmental 
anatomy of the cereals and grasses is associated with disease developnnmt 
and type of disease in several phases of growth and maturation. Space 
does not permit a comprehensive discussion of the sul)jeet. However, 
reference should be made to Avery (1930), Haberland (1914), Hayward 
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(1938), McCall (1934), Percival (1921), and others for the developmental 
anatomy' of' the Gramineae, ; ' 

The mature grain is a caryopsis. The kernel either threshes free 
from the floral bracts as in most wheats, or it is enclosed in the lemma and 
palea, as for example, in barley and oats. The caryopsis consists of the 
adherent pericarp and remains of the integuments and nucellus, the 
protective tissues enclosing the endosperm, and the embryo embedded 
against the endosperm. A semipermeable membrane of lipoid compo- 
sition is deposited on the outer surface of the nucellar tissue and the 
inner epidermis of the inner integument. At maturity the membrane 
is continuous on these compressed residual tissues and extends through 
the conductive tissue of the chalaza. The membrane (cuticle) over the 
back of the scutellum is joined with this semipermeable membrane, 
sealing in the epithelial surface in contact with the endosperm (Fig. 1). 
The role of this differentially permeable membrane system is discussed 
by Brown (1907), Dickson and Shands (1941), Tharp (1935), and others. 
The pericarp tissues when moist constitute a suitable medium for many 
of the fungi parasitic on the cereals and grasses. The semipermeable 
membrane functions not only in holding soluble reserves within the 
kernel, but also as a barrier to prevent fungi and bacteria in the pericarp 
entering the endosperm and embryo, as described by Johann (1935), 
Pugh et al. (1932), and others. Mechanical injury of the membrane 
results in rapid invasion of the endosperm reserves and embryonic 
tissues by soil microorganisms during the early stages of germination. 
Parasites invading through the ovary wall, as the fungi causing ergot 
and the loose smuts, must enter early after pollination or this avenue is 
barred. The erect position and compact nature of the spike in many 
of the Grarnineae tend to increase fungus and bacterial invasion of the 
pericarp as free moisture is held in the floral bracts enclosing the caryopsis, 
resulting in conditions favorable for invasion of the basal portion of the 
kernel by blight and rot organisms. In grain enclosed permanently in 
the floral bracts, the lemma and palea provide a protective covering for 
si)ores and mycelium held between the pericarp and bracts. The 
inoculum in this position is in close proximity to the embryonic tissues 
of the young seedling, and infection occurs before the tissues become 
resistant. The attached floral bracts protect the seed-borne inoculum 
from the direct action of fungicides, as trapped air prevents complete 
wetting of the inner surfaces. Consequently, the volatile compounds 
are more effective as seed fungicides in such grains than toxic substances 
acting by direct contact of the solutions with the fungi and bacteria. 

The physiological anatomy and development of the seedling of the 
Grarnineae frequently is favorable for disease development. The 
anatomy of the seedling and differences in development in the various 
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Fig. 1.— Longisections and transection of a barley kernel showing the semipenneuhU^ 
membrane enclosing the endosperm and Joining with the surface moml)rane on the back at 
the scutellum. (A) The heavy membrane (m) enclosing the distal end of t he kernel. (B) TIh^ 
membrane (7n) on the crease side of the kernel along the base of the scutellum. (C) The 
membrane (m) on embryo side of the kernel along the apex of the scutellum. (i>) Tran- 
section showing membrane (m) along aleurone cells (a) and the back t>f scutellum (a). 
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genera. of the family are discussed fully by Avery (1930); M (1934), 
Sargent and Arber (1915), and others. Brown (1936), Jones al. (1926), 
Kolk (1930), Pearson (1931), and others describe the avenues of entrance 
and tissues invaded as well as the physiology of disease development. 
The composition and maturation of seedling tissues, especially as 
influenced by environment, are important in relation to disease develop- 
ment and the expression of resistance to seedling blights, seedling smut 
infection, and other diseases. The emergence of the seminal roots by 
digestion and mechanical pressure through the coleorhiza and especially 
the cortex of the lower internode and the cotyledonary node offer avenues 
of entrance to cortical-invading fungi. This is especially significant in 
the seedling type illustrated by corn, in which internodal elongation 
occurs below the coleoptilar node or in tissues unprotected by the 
coleoptile (Fig. 2). 

The role of the coleoptile as a protective sheath is important. Seedling 
infection by the smut fungi is largely through the coleoptile while it is 
very young. The tissues soon mature and prevent entrance into the 
enclosed growing point. The formation of crown and tiller primordia 
early *in the seedling development is important in the establishment of 
the “systemic” type of infection common in the cereal and grass smuts. 

The structure and development of the basal tissues of the culm or 
crown are important in the development of crown rot, foot rot, and stalk 
rot diseases. In winter cereals and perennial grasses the crown is the 
important structure associated with winter killing. The crown consists 
of secondary culms arising from axillary buds at the basal nodes of the 
main axis and lateral culms. Under ordinary environments this complex 
of branches occurs in the upper inch of soil. In certain of the perennial 
grasses, new culm primordia that develop from the axillary buds require 
one or two seasons before culm elongation occurs (Bond, 1940). This 
delayed culm development apparently is associated with the time interval 
l>etween infection and spore development in certain of the grass smuts. 
The crown roots arise from the pericyclic region of the first internode 
and in the intercalary meristems at the base of the lower internodes. 
The crown roots rupture the cortex by pressure and digestion. If 
wound response and deposition of suberin, lignin, or lipoid substances 
in the adjacent cortical cell walls is delayed, the root ruptures offer 
avenues of entrance for soil-infesting organisms. Insect injuries in 
these tissues also offer channels of entrance of crown rot parasites. 
Stuckey (194!) discusses seasonal growth of the grass roots, and Weaver 
(1926) pul)lished good descriptions of the root systems of the cereal crops. 

The anatomy and deveJopment of the culm is such as to function in 
protecting the primordia and embryonic tissues. Newton and Brown 
(1934), Griffiths (1928), Zehner and Humphrey (1929), and others have 



_ Pig. 2. — Seedling development and internodal elongation in cereals and legumes. (A) Seerl ■ 
lings of corn, oats, barley, and wheat illustrating the two common types of imernodnl elonga- 
tion in relation to the coleoptilar node (c): left, corn (1) and oats (2) irt whieh the intc^rmnle 
between the cotyledonary and coleoptilar nodes elongates leaving the internode uiiproteete<i 
by the coleoptiie; right, barley (3) and wheat (4) in which the internodal elongatitm in ahov<- 
the coleoptilar node or enclosed within the protective sheath. The cole<»ptile is split and 
pulled aside in the left-hand seedling of each pair to show' the base an<l the internode enrdosed. 
The development and position of seminal and crowm roots is shown also, {H) I^ongiseciiots 
of the crown of the oat seedling. (C) Pea (1) and soybean (2) seedlings illustrating the Hvo 
types of seedling development in the I.»eguminosae. 

heavy infection. Inoculum entering the funnel at the top of the leaf 
whorl frequently comes in contact with embryonic or susceptible tissues 
and results in infection. The leaf sheath with the iigule tightly encircling 
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the culm at the juncture of the sheath and the base of the leaf blade 
prevents inoculum from reaching the younger tissues of the basal part 
of the culm internode and the axillary bud. The position of the leaf 
blade and the basal region of elongation frequently result in leaf blotch 
diseases, killing the entire blade. 

The type of inflorescence and development of the reduced flowers 
varies in the family. Generally the compact spike is damaged more by 
blights and rots than the open panicle. The floral bracts protect the 
young ovary from flower-infecting organisms. The cross-pollinated 
species in which the floral bracts are open longer are damaged more by 
ergot than the self-pollinated species. Humid, wet weather prolongs 
the period of open floral bracts in both self- and cross-pollinated species, 
as well as providing conditions favorable for germination and infection 
by the parasite and, therefore, usually results in higher infections with 
ergot, loose smut, and kernel blights. Dead anther, pollen, and stylar 
tissues all furnish excellent nutritive media for the initial development 
of many of the blight and rot fungi, and these organisms, once established 
as saprophytes, invade the adjacent living tissues by contact infection to 
, produce disease. '■ 

The development of exterior and interior membranes in association 
with tissue maturity or wound response are important in water economy, 
^gaseous exchange, and the invasion of parasitic organisms. The develop- 
ment of such membranes in the Gramineae is not greatly different from 
that in the other families of crop plants. Therefore, the discussion of 
this important phase of physiological anatomy and that of natural open- 
ings in relation to disease development will be presented later in the 
I chapter. 

2. Physiological Anatomy of the Leguminosae. — The leguminous crops 
included in the discussion of field-crop diseases are largely perennial or 
biennial in growth habit. The annual crop plants of this family differ 
somewliat in root and stem development from the perennial or biennial 
types. However, anatomically, they are sufficiently similar to be 
included in the general discussion for this family. Compton (1912), 
Hayward (1938), Jones (1928), Lute (1928), Martin (1914), Parnmel 
(1899), Wilson (1913), and Winton (1914) discuss various phases of the 
structure and morphology of this group. 

The se(^ds are borne in pods, the latter varying in shape and structure. 
The pod tissues frequently are invaded by fungi. The infections in 
many instancM^s extend through the wall, rotting the pod and enclosed 
seeds or resulting in seed infection. The epidermis of the seed in most 
members of this family consists of a row of palisade cells varying in cell- 
wall thickness, permeability, and durability in different species and under 
different environments. Apparently the walls of the palisade cells 
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faction in a nmnxier somewhat 'similar to the s(‘r!iiperiiieahle membrane 
in the caryopsis of the Gminineae* -- -. Mechanical injury Huch as scuirifi- 
cation overcomes the impernmability but frcspienlly Imu'eases 
loss by cra(‘king the seed coat. Breaking th<^ scmkI coat in ha.rv<‘sting 
and handling the seed increases the losses from seedling hlighis during 
the early stages of germination. The seed at maturity consists of ihc> 
two cotyledons in which the reserves are stored and the eml>ryonic 
epicotyl and hypocotyl all enclosed within the intx^gmnents. Parasites 
established in the seed coat or in the cotyledons or gaining ent ranee to 
the young seedling through cracks in the setnl v-otii duriiig tfie vx^y f‘arly 
stages of germination cause severe damagtn 

In germination, the primary root emerges n(*ar tiie hihim or in tluj 
micropylar area. In the subsequent development, two typxis of germi- 
nation are represented in the family : (1) epigeal, in which the cotyledons, 
usually enclosed within the seed coat, an^ pusluMi above the soil surfacfj 
by the rapid elongation and straightening of the hypocotyl; (2) hypog<‘al, 
in which the hypocotyl elongation is limitf'd, the cotylc^dons nnnuin in 
position within the seed coat in the soil, and the* epieotyi, more fully 
differentiated prior to germination, pushes up through the soil. In this 
latter type of development, seedling blight and l(*sions bf*ltnv the soil 
level are the common type of disease. In th<^ former, seedling blight 
during the very early stages of germination DC(*urs followed by a latc^r^ 
lesioning or ^hiamx>ing-ofT^ from invasion of the hypocotyl nt‘ar the soil 
surface or by a blighting of the embryonic epicotyl. Disease lesions on 
the cotyledons develop, and fungus sporulation fre(|uently is abundant. 

Root development consists of a primary tap root with numerous 
laterals. Weaver (1920) illustrated the root systtuu of several m<‘!nbers 
of this family. Elongation, branching, and secondary thickening of the 
root system is rapid and rather continuous during the first growing 
season. As described by Fred et aL (1932), nodule formation is abundant 
during this period of active root growth, Se(*omlary cambial roots 
develop during the following season. In both Ixiennials and penmnials, 
noncambial smaller root branches develop in the s|>ring of the sin*on(i 
and in the succeeding years in the case of perennials, as deHcrib(*d by 
Jones (1943). These apparently function in increasing absorbing area 
during the period of rapid spring growth" and deteriorate during tlie 
summer to reappear in limited numbers in the fall. I){*cay is seven* in 
these transient roots during the summer period, at least in tlie vitnnity 
of Madison, Wis. 

Jones (1928), Jones and McCulloch (1926), Jones and Weimer (1928), 
Weimer (1927), and others have described winter injury in the older 
roots and crown and the relation of these injuries to disease development, 
especially in alfalfa. The capacity of the plant to recover from such 
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injuries through the formation of phellogen and periderm or by wall 
thickening and the deposition of suberin-like substances into the walls 
is related to both crown rots and bacterial-wilt development. 

The crown in the older plants consists of the basal stem branches and 
the axillary and secondary buds. The development of the crown is 
influenced by environmental conditions and age of the plant. Diseases 
also modify the number of buds developing as in crown wart and witches’- 
broorn of alfalfa. The annual stems developing from the crown buds are 
generally angular in shape with a fairly large outer layer of collenchyma 
tissue. Secondary thickening and changes in' turgor in the collenchyma 
frequently result in longitudinal splitting of the epidermis. These 
openings unless rapidly closed by periderm serve as avenues of entrance 
for fungi and bacteria. 

The stem elongation and development of the inflorescence in many 
legumes is affected by insects. Species of aphids and leaf hoppers cause 
severe damage through retarded apical bud development and yellowing 
of the foliage. The blighting of the flower buds and dropping of flowers 
is associated with these and other insects. 

3, Physiological Anatomy of Other Dicotyledonous Plants.— The 
physiological anatomy of cotton, flax, and hemp is discussed in detail 
by Hayward (1938). As in the legumes, seedling structure and develop- 
ment is associated closely with disease development. Both seed-borne 
and soil-borne organisms cause blighting, lesioning, and damping-off 
during early seedling development. In cotton and flax, the structure, 
com^position, and development of the seed is associated with seed infection 
and damage by microorganisms. The industrial quality of the fibers is 
frequently damaged l)y disease in the more humid climates. Conant 
(1927), Jewett (1938), and Johnson (1924) in the discussion of tobacco 
diseases gave consideration to structure and development of the plant in 
relation to disease. 

4. General Discussion of Plant-defense Mechanisms. — The crop 
plants in economical production are, generally speaking, the result of 
long years of selection and adaption to environment. In the relatively 
short-lived herbaceous plants, the reaction to major diseases plays an 
increasingly important role in the selection and survival of a variety. 
The cost of protective fungicidal sprays and dusts is too great in field- 
crop economy to permit their general use; therefore, crop-plant develop- 
ment is based upon selecting disease-escaping, disease-tolerant, or 
disease-rt‘sistant varieties. These adaptations in plants generally are 
associated with gradual or abrupt changes in morphology and physiology. 
The nature of these changes, their dependence upon the general or more 
specific genetic composition of the plant for their stability, and the 
relation of composition and physiology of the plant as a whole or of 
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specific tissues 'for their expression'; are important fac^tors in the emmmy 
of the plant species or variety. The difference between susceptible and 
resistant plants m.ay , not' be primarily depcmdent iipo!i a particular 
structure or substance, but rather, upon the num*. metabolic^ or 

maturation .processes or upon some inherent quality or cliaraeteriHiic 
that functions even more directly. Certain of tliese nH>rplH>!<>gical and 
physiological characteristics apply more or less gemTully to all plant 
species, and, therefore, they are presented briefly at the (aid of i his chapter. 

Natural openings are important avenues of entram^e for ctaiain organ- 
isms producing disease in plants. In fi(^ld (Tops, the stomata an^ probably 
the most important, as hydat!iod(\s and lenti(‘e!s nn^ !(\ss {‘xf(‘n.siv(*ly 
developed than in other plant groups. The rust fungi c<mstitutc‘ the 
large group of parasites entering the tissu(*s by way of the st(unata. 
Although extent of infection is associated piThnps with stomatal nho 
and the period the stomata are open, as shown l^y Ifart (H)2fb IIKH) am! 
Peterson (1931), the more bavsic typ{^ of resistama* to the rusts is assoeiatea! 
with cellular physiology and composition. 

The rate and character of cuticde formation on tin? epidcTmal surfaci^s 
of the plant are important in disease devcdopment. A ridativdy large 
number of fungi are capable of pcmetrating the young cuticle. In 
general, the resistance to mechanical pemdration increa.si^s with the 
maturation and thickening of this surface memlirane, Priestk^y ( 1921 , 
1943) summarized the literature and BUggestc^l the iiggr(»gate nature of 
cutin and suberin. Blackman and Wellsford (i91(>,b Brown and Harv(w 
(1927), Dey ( 1919 ), Leach (1923), Young ( 1929 ), and otluTs have studied 
the penetration of the cuticular membrane by fungi. This surfaei^ 
membrane is important in the water econony of the plant, as dis(*usBtHi 
by Maximov ( 1929 ) and Priestley and coworkers ( 1922 , 1923 , 1939 ). 
The cuticle and surface structures, hairs, etc., prev(ud W(‘tting ami 
uniform distribution of water over the exposed tissue surface's. This 
phenomenon is important in distribution of inoculum and entraruK^ 
through natural openings as well as dircjct surface penetration l)y f)lant 
parasites. Apparently the quantity and quality of cuticle formation is 
associated with the physiological maturity of not only tin* cqiidcTmal 
cells, but also those of the underlying tissues. The (leposition of the 
similar aggregate of substances, suberin, on or in the walls of (‘idls within 
certain tissues is associated with the physiology of the cells. 

Suberized cell walls function not only in water economy, hut also in 
retarding or checking the advance of parasitic organisms. PiTidcTm, 
which serves as a protective tissue after the loss of epidermis and cortex, 
contains this suberin aggregate. The periderm, whetlnT d(Tived from 
phellogen of perigyclic origin, secondary phloem parenchyma, or from 
the subepidermal cortical parenchyma, is similar in its function and the 
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general presence of suberin. The endodermis is impregnated with 
suberin as the roots and underground stems mature. The radial and 
end walls of the endodermal cells are suberized -first, followed frequently 
by suberization of the tangential walls. Collenchyma and SGlerenehyma 
cell walls fr(H|uently contain suberin as the tissues approach maturity. 
Lignifi cation also is commonly associated with many of these thickened 
walls. The development of these protective and strengthening tissues 
occurs in the sequence of tissue differentiation, development, and 
maturation. Environment, however, influences the rate and frequently 
the extent of wall thickening. 

The rate and type of thickening of cellular structures is activated fre- 
quently by wound response. The regular sequence in development of 
these anatomical structures apparently is hastened and expanded by 
mechanical injuries, invasion of parasites, etc. Such injuries usually 
stimulate cell-wall thickening and suberization, periderm formation, or 
ultimately both, in ceils of cambium, parenchyma, pericycle, and less 
frequently collenchyma. An active type of defense mechanism is stimu- 
lated in such responses. The role of such a defense mechanism is des- 
cribed by Conant (1927), Dickson aL (1923), Fellows (1928), Jones 
(1928), Pearson (1931), Weimer and Harter (1921), and others. The 
response in the corn root by the deposition of suberin-like substances in 
the cortical cells around secondary-root ruptures and the thickening of 
the endodermis and suberization of cells of the pericycle and cortex in 
advance of fungus invasion illustrate this type of reaction (Fig. 3). 

The composition of the cell walls and the middle lamellae affect the 
rate of advance of the parasite and tissue necrosis. The changes in com- 
position associated with maturation of many tissues is correlated appar- 
ently with susceptibility or resistance to disease. Harlow (1932), Ritter 
(1925), and others suggested the change in composition of the middle 
lamella, in woody tissues at least, from pectin-like compounds in the em- 
bryonic state to lignin upon maturity. Brown (1915, 1916, 1917), De- 
Bary (1886), Hawkins and Harvey (1919), Jones (1909), Pearson (1931), 
and Ward (1888) discussed the general physiology of intercellular advance 
of fungi and bacteria in both vegetative and storage tissues. Gauman 
(1927), Ritter and Fleck (1926), Sponsler and Dore (1926), and others 
suggested that the degree of hydration of the cellulose molecular aggre- 
gates and the associated substances, lignin and suberin, is correlated 
with tissue maturation. The physical and chemical changes in the cell 
memljranes are a direct or indirect response of the cell protoplasm. The 
rate of these changes is influenced by the genetic constitution and the in- 
fluence of the environment upon the plant metabolism. 

The physical and chemical properties of the cell protoplasm are asso- 
ciated directly with plant-defense mechanisms. Cold resistance and 



ism of the cell, as discussed by Walker (1924, 1929, 1941). The cell 
protoplasts are concerned directly in the nutrition of the obligate parasite. 
In this group of parasites the hyphae or specialized bran(ihe.s, haustoria, 
enter the cells of the suscept and function in a balanced type of metabol- 
ism during the cycle of fungus development. The living ceils of the sus- 
cept, apparently influenced by the stimulus of the parasite, supply the 


Fiq. — The deposition of suberin-iike materials in the cells of csortei, perieyeie, and 
endodermis of the corn seedling. (A) The reaction of cells uf cortex aiul penrycle hi “enrking 
off” a fungus. (B) The reaction of cortical cells in “corking off” a root mpture in the inter- 
node above the scutellar node. (C — B) The reaction to Sudan IV of ceils of epitlenniH of 
subcoieoptilar internode (C), cortex (D), and endodermis (B) of mature seerlling roof. 'Fhe 
cells with the suberin-like deposition stain red with Sudan IV in dilute sulfuric aci<L 


drought resistance are due partly to the compo.sition and physical state 
of the cell protoplasts, as discu&sod by Akermaun (1027), Harvey (Hlllij), 
Levitt (1941), Maximov (1929), and Newton and Marlin (15)30). Hpi'- 
cific compounds existing in the plant cells or mor<> (ammionly pn“S(‘nf in 
loss active molecular combinations are itnportant in tiie il('fens(‘ incchan- 
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essential nutrients for the balanced metabolism of both* In the obligate 
parasite, as illustrated by the rusts and powdery-mildew fungi, this is 
accomplished at the expense of the suscept. In the symbiontsy as in the 
nodule bacteria, there is a mutual beneficial relationship. Parasitism of 
this type is usually very specialized. Physiologic races of the fungi are 
restricted to species or even varieties in the plants capable of functioning 
in this compatible physiological or nutritional relationship. Conversely, 
disease resistance is concerned directly with the incompatible relation of 
the two protoplasts. The fungus hyphae coming in contact with the 
suscept cells or protoplasm either cease to develop further, or, more com- 
monly, the protoplasts of the contacted cells of the suscept are disor- 
ganized, leaving the parasite isolated from living suScept tissue. This 
response is described by Allen (1923, 1926, 1927), Gibson (1904), Hum- 
phrey and Dufrenoy (1944), Stakman (1914), Ward (1902, 1905), and 
others. The development of disease-escaping, disease-tolerant, or dis- 
ease-resistant plants is concerned with the morphology and physiology of 
the suscept plants and, in the case of parasitic diseases, the parasite. 

The variation of the parasite in its pathogenic characteristics is equally 
important. The basis of variation in fungi, bacteria, and viruses is still 
in the exploratory stage of development. Some variation is due to seg- 
regation following nuclear fusion, some to mutation, and some to nuclear 
reassortment. Variation is expressed in physiological changes and less 
commonly in alterations in morphology. Stakman (1940) summarizes 
the information on variability in this group of lower plants. 

Insect damage and the relation of anatomy, physiology, and composi- 
tion of field-crop plants to insect attack parallels somewhat that of plant 
diseases. Leach (1940) discusses the relation of insects to the transmis- 
sion of diseases and gives a good summary of many types of insect damage. 
Metcalf and Flint (1939) present some of the more important insect prob- 
lems of field crops. Resistance to insect attack and damage is important 
in field-crop economy as well as in disease control. 
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SECTION II 

, DISEASES 01^ CEREALS AND GRASSES ' 

BARLEY DISEASES 

The cultivated barleys {‘.ornpriBe chiefly two species: flordeum vulgare 
L., Hix-rowc‘d, aiai //. didichon L.^ two~rowed barleys. Varieties of the 
fornu'r sp(‘ei(*s are grown more extensively than the latter. In the genus 
Ilordeurn, as in Triticuru and Avena, the basic chromosome number is 
seven pairs. jMultiples of this basic number occur in the wild species. 
The cultivated liark^ys all have seven pairs of chromosomes. Barley has 
been used ext(‘nsiv(dy in the study of linkage relations, including resistance 
to certain diseases, as summarized by Robertson, Wiebe, and Irnmer 
(1941). 

The cultivated barleys are grouped into three classes based on the 
character of growth : winter, intermediate, and spring. Winter and spring 
barleys comprise the major economic groups (Aberg and Wiebe, 1946). 
The winter barleys are not winter hardy; therefore, they are grown in a 
belt extending east and west across the United States approximately 
south of 42"^ latitude. They occupy similar areas with mild winters 
throughout the world. In the extreme southern United States and es- 
pecially the Southwest, fall-sown spring barleys predominate. Spring 
varieties occupy the important barley acreage in the northern United 
States and Canada and similar areas throughout the world. 

Barley is grown under a wide range of environmental conditions, chiefly 
for grain, although it is used as a forage crop in limited sections. The 
crop is most productive in regions of cool climate during the growing sea- 
son and in well-drained finer silt or clay soils. The wide range in growth 
characters, period required for development, and barley types largely 
account for its very extensive distribution throughout world agriculture 
(Carlton, 1920, Harlan, 1936, and Weaver, 1943). 

The developmental anatomy of the barley plant is relatively similar to 
wheat (Chap. 11). The development of brown pigmentation in associa- 
tion with tissue injury and necrosis results in disease symptoms somewhat 
different from those in wheat and oats, 
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Fig. 4.-—TW0 nonparasitic maladies of barley: false stripe (B) and brown spot (A). 

14 million bushels (Plant Disease Survey). Two years in which scab oc- 
curred in epiphytotic form and one of stem rust are included in the 10- 
year period. Losses from barley’ stripe are much lower in the United 
States ^d Canada than prior to the general use of resistant varieties 
and organic mercury seed treatments. 
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1. Nonparasitic Diseases — The nonparasitic disturbances in barley 

are manifest by leaf spotting, striping, or yellowing and frequently the 
incomplete emergence of the spike from the boot. False stripe and brown 
spot are the two most common leaf manifestations of the nonparasitic 
.maladies.;,'' ■ ■■ . . 

False Stripe —The symptoms appear first as a light-brown linear mot- 
tling that frequently develops into stripes with irregular margins (Fig. 4). 
The necrosis and browning of the cells of the mesophyll of the leaf blade 
apparently are the only symptoms. The condition usually results in 
little damage to yields. The leaf stripes are different in character from 
those of the parasitic stripe disease of barley. The spikes develop free 
from discoloration and blighting, a condition that further differenti- 
ates it from the stripe disease. The conditions causing the malady are 
not known. 

Brown Spot. — Small, brown to black, circular to oblong, dry spots with 
a regular margin develop on the leaf blades (Fig. 4). Many cultivated 
varieties and several wild species of Hordeum show the spotting. The 
necrosis occurs, sporadically, at any period from tillering to just prior to 
maturity. The leaf symptoms frequently occur on otherwise normally 
developing plants, although they commonly are associated with incom- 
p’ete emergence of the spikes and twisting of the leaves. This type of 
spotting is differentiated easily from the parasitic spot-blotch disease of 
barley. Frequently the symptoms are associated with deficiencies of 
certain mineral elements, notably boron or copper (Christensen, 1934, 
Eaton, 1944, Schropp, 1940). 

2. Bacterial Blight, Xanthomonas translucens (L, R. Jones, A. G. John- 
son, and Reddy) Dowson. — The bacterial blights of the cereals and 
grasses are differentiated into two groups. (1) The bacterial colony is in 
a gelatinous matrix and advances between the cells of the tissues of the 
suscept. This group is relatively numerous. (2) The bacterial colony 
develops without the gelatinous matrix and is localized somewhat in 
tissue cavities with water soaking and chlorosis of cells surrounding the 
colony. The bacterial exudate is conspicuous on the lesions in the former 
and absent in the latter. The bacterial blight of barley is typical of the 
first. 

The bacterial blight occurs widely on many of the economic varieties 
and some wild Hordeum species. A similar disease occurs on the other 
cereals and many grasses (Wallin, 1946). The disease is distributed 
widely throughout North America (Jones et al.j 1917). as well as northern 
Europe and Asia (Jaczewski, 1935). Bacterial blight is more prevalent 
through the spring barley areas where usually it is of minor importance, 
although local or general epiphytotics on very susceptible varieties are 
reported as reducing yields of foliage and grain. 
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Symptoms and Effects —Small linear water-soaked areas, frequently 
quite numerous on localized areas of the leaf l)lad{‘ and slu^athy devt^lop 
after several days of rainy, damp weather. These h^sioiis (^longatt* au<l 
coalesce into irregular narrow glossy-surfiuu'd stripes. Th(‘ stripe* fre*- 
quently shows water-soaked, light-yellow, light-brown, and dark-brown 
regions, depending upon the age of the coah‘S(a*d hssions (1^’ig. d). Th<^ 
center of the lesion is translucent in the later stages of d(‘v<*lopinent. 
Minute drops of white resinous exudate or a thin film of tln^ <*x\iduti‘ arc^ 
characteristic on the lesion surface. Nunu'rous lesiems usually n*sult in 
a slow yellowing and death of the leaf blade progn‘Ssing from tin* a{K‘x 
downward. Similar lesions develop on the half sluaith and fhjrai bra<‘bs. 
Severe late infections usually result in retardcal spike* edongation and in 
abundant exudate and blighting of the spike and adjaceuit tissues, i.e*- 
sions on the kernels are small and inconspicuous. The characteristic 
symptom is the narrow, linear, translucent, and glossy lesion. 

The Organism. — Xanthonwnas tramliicem (L. H. Jones, 

A. G. Johnson, and Reddy) Dows()nb 
[Phyionionas translucens (L. R.. Jones. 

A. G. Johnson, and llcHldy) Bergey ei a/.] 
{Bacterium translucens 1^. R. Joints, 

A. G. Johnson, and Reddy) 

[Pseridomonas translucens (L. R. Jemes, 

A. G. Johnson, and Reddy) Btapj).] 

The cylindrical rod-shaped bacteria with rounded eralH are motile* by means of polar 
^ flagella, and no spores are formed. The bacterial colonies develop in a gelat inmia mat rix. 
Specialized varieties and races occur on the centals and graBst*s (f lagborg, !U42, and 
Wallin, 1946). 

Etiology. — The bacteria enter the young tissues through natural open- 
ings and wounds. Advancement in the mesophyll and panmcdiymatous 
tissues is between the cells especially when the tisstic*B are water-soHkc*d. 
First infections occur during the seedling stage early in the spritig. The 
secondary infections occur on the younger tissues throughout th<^ growing 
season whenever high moisture prevails. The exudate is spkisl hhI l)y 
meteoric water, transmitted by contact, and carried extensively by 
insects. Sucking and biting insects are important in dissemination 
and infection (Leach, 1940). The bacteria imbedded in the exudate 
remain dormant under unfavorable conditions and resume active develop- 
ment when conditions become favorable. The bacteria remain vial)ie 
over long periods when dehydrated and sealed in the gelatinous matrix in 

1 Several systems of nomenclature are 'in use for the bacterial plant pathogoiK*s. The 
writer has followed the classification presented by Bergey et al, (11)39, 1946). The 
reader is referred also to Elliott (1930, 1943) and Biker and Baldwin (1942). 
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the lesions. The organism is carried from season to season in crop resi- 
due and on the seed. 
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Crop rotation and seed treatment with mercury compounds 
control of the disease. Sporadic outbreaks occur, how'ev<‘r, 
the use of control measures. Varietal reaction t o the 


X'lu. o. rowaery mildew of barley (A) and wheat (B) showing the powdery si 
mycelium and oomdia and perithocial initials of Erynphe 

varies greatly. Jones and Johnson (1917) reported Oderbrucker 
lAlA) and Chevaber as the most resistant of about 40 varieties. 
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epiphytotic of 19M, OderbM^^ (C. I* 4666), a Chevron (C. I. 1111) X 
Bolivia (C. L 1257) selection, and many selections of the Manchuria group 
showed resistance. Some of the smooth-awned varieties were low in 
infection. 

3. Powdery Mildew, Erysiphe graminis DC.— The disease occurs 
generally on the cereals and grasses with the exception of those in the 
tribes Maydeae, Andropogoneae, Zoysieae, Paniceae, and Oryzeae (Mains 
and Dietz, 1930, Marchal, 1902, 1903, Reed, 1909, and Salmon, 1900, 
1904) . Economically the disease is generally of more importance on bar- 
ley than on the other cereal crops. 

Many varieties of the cultivated barleys as well as wild species of Hor- 
deum are susceptible to powdery mildew. The disease is general in 
distribution throughout the humid and semihumid areas of the world 
(Honecker, 1934, 1935, 1937, Marchal, 1903, and Salmon, 1904), and it 
is generally more severe on both winter and spring barleys in the areas 
where cool, humid, and cloudy weather persists during the growing period. 

Heavy infection with powdery mildew increases respiration and re- 
duces yield. Yarwood (1934) has shown an increase in rate of respiration 
with the clover powdery mildew. Honecker (1937) reported an increased 
protein content in barley from mildew- infected plants. Other investiga- 
tors have studied the disease on wheat (See Chap. XI). 

Yields are reduced when mildew infection is severe during the period of 
active plant growth and grain development. The effect upon yield has 
been demonstrated by using dusts and sprays as a control on a mildew- 
susceptible variety. Similar effects have been demonstrated by the use 
of resistant backcross material. Under a severe mildew epiphytotic in 
1942,^ Oderbrucker homozygous for waxy and mildew resistance yielded 
about 30 per cent more than Oderbrucker homozygous for a starchy en- 
dosperm and mildew susceptibility or than the susceptible Oderbrucker 
parent. The lines heterozygous for mildew resistance and waxy were 
intermediate in yield. 

Symptoms and Effects. — The powdery mildew develops on the epidermis 
of blades, leaf sheaths, and floral bracts. The superficial mycelium and 
conidia.are first, light gray in color, the mycelium darkens with age, and 
later numerous round dark perithecia develop on these areas (Fig. 6). 
The tissues of the suscepts beneath the mycelium vary in response to the 
fungus. In the more susceptible varieties, chlorosis and browning ac- 
company the aging of the mycelium. In many varieties, light- to dark- 
brown pigmentation and frequently necrosis occur beneath or adjacent 
to the superficial mycelium (Fig. 7). The response is similar to the so- 
called ^^flecking^^ in the reaction to rust. The characteristic symptom is 

^ Unpublished data from H. L. Shands, department of agronomy, University ot 
Wisconsin, Madison, Wis. , 
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the gray powdery-surfaced lesions scattered or conipletc^ly c*c^v('ring ih(‘ 
leaf blade with yellowing, browning, _ and gradual (hying out of tlu^ l<‘af 
tissue. The symptom is also an indication of thcj damage* to tiu* sus(‘(‘pt. 


S' "-—The response of bariey varieties to Ermiphe gramirm hordei. (A) Busceptihle. 
{B) Hesistant, sparce mycelial development with, left, abundant cell necrosis and, right, 
restneted necrosis without parasitic establishment of the fungus. 
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The Fui[igm,-~Erysiphe graminis DC. 

SpeAalhcd Yoxieties of Erysiphe graminis occnr on the cereals and related grasses 
as well as on certain groups of the grasses. These varieties of the fungus are similar 
morphologically, but they are restricted parasitically to certain genera of the Gramineae; 
trinomials are used for their designation. The variety occurring on barley is E. gmminis 
/iorda EL Marchal, 

The mycelium is superficial, branched, white, and later turns gray to brown. Goni- 
diophores form soon after the mycelium is established. They are medium in length 
with a terminal generative cell. The conidia are light gray, ovoid, measure 25-30 by 
8-10 microns, and are borne in chains. Perithecia are dark brown, round to subspherical, 
about 220 microns in diameter, and scattered. The appendages are rudimentary, short, 
and pale brown. The asci are numerous, cylindric to ovate-oblong, with usually eight 
spores. In the North Central and Central area of the United States, many perithecia 
are empty or contain incompletely developed asci. 

Etiology.— The primary infection occurs from ascospores or conidia, 
Perithecia and ascospores are produced on mature tissues of the suscept 
under favorable weather conditions. Ascospore development occurs in 
late summer on the cereal crops and . grasses in the North Central United 
States although, apparently, relatively few are available for spring in- 
oculum. The mycelium persists from season to season in the areas where 
the winters are mild enough for infected leaves to survive; however, as- 
cospores are the important source of primary inoculum in the spring- 
grain area. The spores are largely wind-borne. Conidial formation, 
dissemination, and germination are best in a humid, cool atmosphere, 
but in the absence of free water, according to Cherewick (1944) and Yar- 
wood (1936). 

Infection in Erysiphe graminis M hy direct cuticular penetration of 
haustoria forming branches into the epidermal cells. The mycelium 
spreads on the epidermis of the leaves and floral bracts. Conidiophores 
are formed, and abundant diurnal development of conidia follows. The 
spread of the initial mycelium is rapid, and secondary infections occur in 
great abundance, especially during periods of cool, cloudy weather. As 
the suscepts approach maturity perithecia develop in the mycelial matts 
(Harper, 1905, Reed, 1909, Smith, 1900). Powdery-mildew develop- 
ment is aggressive during the period of rapid growth and spike develop- 
ment of the cereals. 

Control Measures. — The disease can be controlled by the use of sulphur 
dusts, and the inoculum is reduced by the use of potassium or sodium 
sulphide (1.0 per cent solution in water) or copper sulphate (1.05 per cent 
in water) sprays to which is added a suitable spreader, such as 0.03 per 
cent glyceryl alkyl resin (Yarwood, 1945). These methods of control are 
not economical except on an experimental basis; therefore, the use of mil- 
dew-resistant varieties represents the most practical method of control 
in both the cereals and grasses. 
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' Disease Resistance and Physiologic Races,— A relatively large iiiiniber 
of barleys within the different species and groups are resistant to oiH,i or 
more of the physiologic races of Erydyhe grnminix hnrdei, A(‘(‘or<ling 
to Mains and Martini (1932), Shands (1939), and Tidd (1937), Arlington 
(C. 1. 702), Duplex (G. L 2433), Chevron (C. I. 1111), unnannal selecdion 
(C. I. 2444), and others are resistant to at least five; rae<‘s of the parasitin 
Briggs (1935, 1937, 1938), Dietz (1930), Tidd (1937), and others have 
studied the inheritance of resistance. A number of fatdor pairs are in- 
volved in the expression of resistance in different barley varied, ies aiul to 
the various physiologic races, as sutnrnariz(‘d by Briggs and Stanford 
(1943). 

The reaction in the seedling stage of six differential variedies of l>arl<‘y 
to 10 physiologic raccKS of Erysiphe granmm hordei as n^ported by 
wick (1944), Mains and Dietz (1930), and Tidd (1937) is shown in th<‘ 
following table. 


Reaction on barley varietii^s 


Physiologic 

race 

N(!pal 
(C.I. 595) 

Heils 
Hanna 
(C.I. 682) 

Goklfoil 
(C.I. 928) 

I\‘riiVian 
(C. L 935) 

Black 
Huil-less 
(CM. 666) 

Chevron 
(C.I. 1111) 

1 

I 

I 

R 

H 

I 

E 

2 

s 

S 

R 

I 

I 

R 

3 

S 

B 

E 

B 

B 

R 

4 

s 

S I 

E 1 

1 

s 

R 

5 

8 ■ 

S 1 

B 

B 

B 

H 

6 

R 

s 1 

E 

R 

I 

R 

7 

R 1 

s 

B 

li 1 

R 1 

R 

8 

s : 

s 

E 

R 

B 

B 

9 

I 1 

B 

R 

R 

I 

S 

10 

I 

B 

E 

B 

I 

R 


R— resistant; I—intermediai/e; and S-^suseeptible. 


4. Fusarium Blight or Scab, Gibberella zeae (Schw.) Fetch [<?. saubinelii 
(Mont.) Sacc.] and Fusarium Spp. — The Fusarium blight occurs on all 
the cereals and many of the grasses. The head blight is especially sev(‘re 
on rye, barley, and wheat. The complete discussion of the disease is in- 
cluded in Chap. XL 

Distribution and Importance on Barley. — The head blight occuns in 
the Eastern and Central United States and adjacent Canada. The area 
includes the hmnid spring-barley and the northern portion of the humid 
winter-barley sections. Damage to both yields and quality frequently 
is high in this area, and losses become more sporadic and less frequent in 
the drier prairie and plains areas. The seedling blight and root rot phase 
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of the disease extends into the drier areas. The disease is common on 
barley in the humid regions of Europe and Asia. 


The fungi causing the disease show a geographical distribution within 
the different regions. In the corn-belt section of the Eastern and Central 
United States, Gibherella zeae (Schw.) Fetch is the common species. In 


Fig. 8. Barley spikes infected with Gibherella and Fumrium species and the conidia of the 
three species. (.4) G. zeae, {B) F. culmorum, and (C) F, avenaceum. Conidia highly magnified. 
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the .more, northern meB., Fmarium eulm^^ (W. G. Swi,) Sace. and F. ■; 
avenaceum (Fr.) Sacc. and some other species prcflominati^ In northern 
Europe; F. cwteowm and in southeastern Europe, (L zeae are the chief 
orgamsins on barley, In northeasteni Asia, (L zeae (‘auH<‘s heavy Jinnual 
losses in^ barley, as/reported by Ataimsoff (1923), Btamett (1932, 1933, '. 
1935), Dickson (1930), Naumov (1914), and Palclu^vsky (1891). 

The disease causes reduction in yield of grain, and it damages cpuility. 
The blighted barley kernels are shrivehd or ligliter in W(4ght, yet cannot, 
be separated completely from the sound grain. Tin? infectial bumels 
contain sul)stances causing acute emesis in pigs, dogs, or humaits. ('atthu 
sheep, and mature chickens seemingly are not alTecded by tin* discuiscd 
grain, according to Christens(?n and Keriikamp (1930), Dickson (1942), 
Hoyman (1941), Mains et al (1930), Mundkur (1934), Roche an<l BoIh 
stedt (1931), and others. Barley containing 4 per cent of blight-danniged 
kernels, including blight caused by various fungi, is given tin* sptn?ial 
designation “blighted” in the Federal grain-grading pr(n*edure, Bliglded 
barley is discounted heavily on the commercial marktds of the United 
States and cannot be exported to foreign markets. 

Symptprns. — Spikes are dwarfed and compressed with inf{*cted spikehds 
closed rather than spreading. All or part of the spikt* is inbvUecl (Fig. 8). 
Hulls (lemma and palea) are light to dark brown with a dc^ad, histerless 
surface. Conidial or perithecial masses commonly df*velop on the sur- 
face, especially during moist weather (Fig. 9). Tin* k(*niels are shrunken 
and light brown in color. The pericarp surface is rough or scabby in ap- 
pearance. The starch mass is grayish in color and flour-lik(? in texture. 
The scab is not distinguished easily froiti the Helmiuthosporium blight 
unless symptoms are very characteristic or spore mavsses an* |>reseut on 
the kernel. Plating the kernels on acidified agar is a reliable method of 
differentiating the two. 

Seedling infections in barley are primarily from Beed-!)orne inocukuiL 
Restricted reddish-brown cortical lesions occur when, the? infected seed m 
sown in cool, moist soil. Seedling blight before? or after emergence occurs 
in a warm soil. Seedling infection of clean seed front mycelium in the soil 
is common when the soil temperatures are high. Crown tmd Ixisal culm 
rot occur commonly in the later stages of development of the barley plant. 

Control. — Clean seed .and seed treatment help control seedling infec- 
tion, The. mercury dusts are effective in controlling sccdlitig damage 
from infected seed. Sanitation, rotation, and early planting help in re- 
ducing crown infection and head blight. Soil preparation to obtain com- 
plete coverage of barley, wheat, and corn-crop residues helps reduce in- 
oculum for head blight infection. 

Varieties resistant to head blight offer the best means of control. The 
commercial varieties commonly grown in the areas vrhere scab is pre- 



Fig. 9 . 13arl6y konieltj blighted by Oibhevclld zecLB showing discoloration and conidiai and 

perithecial development. 

(C. I. 1613 and 2492), an unnamed selection (C. I. 1918), and Peatland 
(C. 1. 5267) (six-rowed barleys). These barleys are being used in breeding 
for scab resistance (Shands, 1939). See Fusarium Blight, Chap. XI, for 
the complete discussion. 
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5. Ergot, Claviceps purpurea (Fr.) Tul—Ergot in found fr(*f|iiently on 
barley through the North Central United States and Caiuidn, Th(‘ dis- 
ease occurs in other similar areas when* rye ()r eomnum grass susc<*pis arc* 
infected. Damage is rarely as high as in rye, durum wheats, and many 
grasses. See Ergot on Rye, Chap. VIH, for the eompl(*t<‘ tiiseussion. 

6. Net Blotch, Pyrenophora teres (Died.) Dreehs.- Tin* disc‘aHe is com- 
inon on all the cultivated barleys atid apparently is restri<*tcM{ to tlu^se 
species. Net blotch is distributed with barkty culture throughout tiie 
temperate humid regions of the world. The disease occurs mon* abun- 
dantly in the cooler climates or where barley is grown in the eo<d{*r p(*rio<l 
of the year. It is very common throughout Northerii Kurop<‘. Lik<‘ the 
stripe disease, it was introduced with barley iiito North America. Cnder 
most conditions the disease is of minor importance, although under favor- 
able conditions it causes considerable reduction of foliage, <»sp{‘eia!ly as 
the crop approaches maturity. 

Symptoms. — The first symptom on the seedling leaf is tlie developnuuit 
of brown reticulate blotches at or near the tip of the blade. The lesions 
rarely develop from the base of the seedling k^af as in spot })Iotch. Local 
lesions on the young leaves develop from the seedling stage until maturity. 
The young infections show the characteristic netted h!ot(di. The darker 
brown necrotic areas of the blotch are distributed irregularly in narrow, 
indefinitely margined lines both parallel and piTpendicuilar to the leaf 
axis. This makes a dark-brown reticulate pattern within thc^ areas of 
lighter brown (Fig. 10). Later as the necrosis of thc^ mesophyll iisHUe ex- 
pands and the blotches coalesce longitudinally, the characteristic appiair- 
ance changes to dark brown limited stripes with irregular margin^. The 
net-like pattern is evident in these older lesions only along the margins. 
In the advanced stages of infection, a seri<‘B of sevi^rai to as many as 10 
irregularly margined stripes extend parallel, frecpumtly tlie full length of 
the blade. The stripes do not continue into the leaf sheath m in the 
stripe disease. Conidiophores and conidia develop sparsely on the lesions. 
Small linear brown lesions occur on the floral bracts. The light-brown 
discoloration of the lemma without the conspicuous nc^tted appearance is 
characteristic of kernel infection. Seed-borne infection is determined 
accurately only by plating the kernels on acidified potato dc*xtrose agar. 
Seed-borne infection is higher in the more northern area.s; Machacek and 
Wallace (1942) reported 0 to 64 per cent in a Canadian survey. 

The Fungus. — Pyrenophora teres (Died.) Drechs. 

( Helminthosporium teres Sacc.) (Conidial stage) 
{Pleospora teres Died.) 

( Helminthosporium hordei Eidam.) 

The mycelium is white to olivaceous in the tissues and makes a very sparse tufted 
growth on media. Bodies resembling vegetative resting spores appear m culture. 
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Conidial development on suscept and in culture usually is limited. The conidiophores 
are light brown to olivaceous, occurring singly or in groups of two to three, and the swollen 
basal cell is usually larger than in the other Helminthosporium spp. on barley. The 
average dimensions are 120-200 by 7-9 microns. Conidia are yellowish olivaceous, 
never dark olivaceous, thin-walled, constricted at the septa with much rounded apical 


Fig. 10. — Net blotch of barley caused by Pyrenophora teres showing the characteristic leaf 
lesions at different stages of development and the perithecia and ascospores of the fungus. 

cells. The basal cell is larger, resulting in a subcylindrical shape. Germ tubes develop 
from all ceils of the conidium. The perithecia develop abundantly on barley stubble 
and straw, cspc^cially the following spring. They are superficial or partly submerged, 
elongated, irregular in shape, and about 0.5 mm. in diameter. Setae and conidiophores 
are abundant on the surface. The ostiolar beak is not common. The numerous asci 
are subcylindrical with a ring-like thickening at the apical end, and each contains 
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eight spores. The ascospores are light brown^ 3-sepi.afe, with the center cel! iisually 
divided longitudinally in the mature spores. The spor(‘s are mucfh coiLstricted at the 
septa (Fig. 10). Germ tubes are formed from al cells (Drechsler, 1023). 

Etiology.— The early seedlmg infection of Pyrmophora teres is from 
seedd^orne mycelium or ascmspo produced on old straw and stubble. 
Ascospores or conidia are responsible for continucHl infcictiun whenever 
conditions are favorable. The infection on fall or spring barley is abun- 
dant during cool, humid weather. The lesions enlarges and coalesce 
throughout the growing season. The mycelium grows into tlm she<at!i 
and culm tissues as the disease progresses and the plants mature. Local 
infections on the floral bracts occur from spike emergence to sliortly aftfu* 
flowering. Perithecia develop on the barley stubble and straw in the 
late fall and again in the early spring. The distaxse is usually very abun- 
dant on volunteer barley late in the fall. 

Control— Seed treatment with the standard mercury dusts controls 
the seed-borne inoculum. Sanitation and crop rotation are important in 
reducing the ascosporic inoculum. Barley sowm on or near fields with 
barley stubble on the surface is infected heavily the* following spring and 
summer. Differences in varietal reaction to the disease are reported by 
Geschele (1928) and Eavn (1900). Most commercial varieties in North 
America are relatively susceptible. 

7. Stripe Disease, Hehninthosporium gramineum Rabh.— The barley- 
stripe is today a relatively minor disease in spring-barley culture in the 
United States and Canada. It is prevalent and c.axiseB considerable 
damage in the California barley area and in tiie South Central winter- 
barley section of the United States. Dattiage from stripe is severe in 
limited.^sections of northern Europe and in northern and eastern Asia as 
well as in portions of Turkey, Iran, and Transcaucasia. The distribution, 
of the disease is widespread, as reported by Mitra (1931), Nishikado 
(1929), Ravn (1900), and Smith (1929, 1930). 

Symptoms and Effects.^ — The symptoms of the disease are conspicuous 
from the late tillering stage until the crop is mature (Drechsler, 1923, 
Ravn, 1900) . The first symptoms at the tillering stage are yell o w striping 
of the older leaf blades and sheaths. Some seedling blight occurs in 
severely infected seed of susceptible varieties. The yellow stripes soon 
turn brown as tissue necrosis progresses, and finally the tissues dry out 
and fray as the leaves mature. During the period of culm elongation, 
the symptons are distinctive: the young leaves unfolding show the yellow 
striping with the successive necrosis and browning conspicuous on tlie 
leaves below (Fig. 11). The elongation of the culms of the striped plants 
varies from rosette-like development to fully elongated plants. Varieti<^s 
of barley, races of the parasite, and environmental conditions influence 
culm elongation in diseased plants, as discussed by Arny and Shands 
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(1945), Christensen and Graham (1934), Isenbeck (1937), Leukel et al. 
(1933), Mitra (1931), Shands (1934), and Shands and Dickson (1934). 
The spikes fail to emerge in many diseased plants. Those that emerge 



Fia. 1 1. — Barley plants showing; the yellow to brown stripes on leaf blades and sheaths of 
plants infe(!ted with HelmhtthospoHum gramineum, (A — B) The brown stripes, shredding 
of the leaves, and brown blighted condition of the spikes of mature plants. ((7) The brown 
stripes on the lower lea'vcs and j^cllow stripes on the upper leaves of younger plants. 

are blighted, twisted, compressed, and brown in color. On the Pacific 
Coast, the kernels are damaged less and the l^rown infected kernels fre- 
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quently 'appear •in 'the ^ grain. When the healthy plants are 

heading, the striped pb^^^ gray to olive-gray color flue to the 

development of conidiophores and conidia over th(^ mass of li*si<mc‘d tissue. 
After conidial development of the fungus, the tissiu‘s of th<^ plants 

split, fray out, and collapse. The florally infected k(’rn(‘lH rarely show 
indications of infection, although the fungus can he plated from infe(d<Ml 
kernels on suitable media. 

The Fungus. — Helmdnthosporium gramdneum Rabh. 

[Brachysporium gracile Wallr. var. 

gramineum (Rabh.) Sace.] 

{Napicladium hordei Rost.) 

{Heterosporimn grammeiim Oud.) 

Diedicke (1902, 1904) described the ascigerous stage uraier the hinoiriiai Plempom 
graminea Died., Noaek (1905) dtjscribed it and ustni P. trichmtroma Nonek, ara! Paxton 
(1922) described what he considered to be the ptTfect stage fnank niat<‘rial collected in 
California. Ito and Kurihayashi (1931) discussed tlit^ taxonomy and descril)ed 
Pyrenophora graminea (Rabh.) Ito and Kuribay.; howtwer, the coiinerti(>n with the 
conidial stage was not demonstrated and the morphology wius siniiiar to P. teres. Later 
investigations have not confirmed the^ reports. 

The morphology of this and other species is given in detail by Drechsler (4923). 
The mycelium in the tissues is abundant, subhyaline to light yelknv. In culture th<‘. 
mycelium varies greatly in color from gray through olive to black. The myetdium in 
culture does not produce conidia unless exposid to cyclic change's e>f liglit and eiarkinsHs, 
The conidiophoreHS and conidia develop on the plants only as the suscf'ptH are beading. 
Conidiophores are borne in clusters, usually three to five. The basal Kegrnent is en- 
larged, the distal portion is slender, the color is gray to olivaceous. The eonifiia are 
subhyaline to yellowish brown, straight, subcylindrical to sligldly taiH*ring, have roundeti 
ends, thin-walled, 1- to 7-septate without constrictions at the septa, ami average 105 by 
20 microns in size. Both end cells and less commonly the central cells form gerin 
tubes. Secondary conidia form from the g<^rm tubes, as <ieBcrilHHi by Dresclder (1923). 
Christensen and Graham (1934) have shown morphological dilTer<uices Ihiimnni some 
races. 

Etiology. — Natural infection from conidia of Ildmtnihosporium gm- 
mineum occurs at or soon after flowering of the barley npikelet. 1116 
mycelium is established on or in the pericarp or in embryo tissues liefore 
maturity of the kernel The final establishment of the myeedium in 
parasitic relationship with the young seedling tissues generally occurs 
during seed germination. Seedling infection can be induce<i in high per- 
centages by placing the actively developing mycelium of the fungus in 
contact with the germinating barley kernels. This method of inoculation 
is used extensively in stripe-resistance studies, as reported by Arny (1945), 
Isenbeck (1930), and Shands (1934). After seedling infection, the para- 
site develops in the culm primordia and grows with the differentiating 
tissues during seedling development. The systemic distribution of the 
mycelium continues with the differentiation and development of the 
plant structures. This apparently is the only species in the genus Hel- 
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minthosporium in which a systemic type of infection occurs. Conidial 
production is synchronized with the heading, blossoming, and early 
stages of kernel development of the suscept. The conidial formation is 
probably a direct response to the physiology of the suscept tissues, as the 
same response occurs under greenhouse culture during the winter months. 
The fungus is carried over from season to season on or in infected seed. 
The mycelium remains viable in dry seed for an indefinite length of time. 

Environmental conditions influence floral infection and disease develop- 
ment in the seedling. Isenbeck (1937) and Eavn (1900) reported that 
sufScient moisture to wet the spores is necessary for floral infection. 
This limits the regions where the stripe disease occurs to areas where 
dew or precipitation occurs during the period of barley flowering. Chris- 
tensen and Graham (1934), Isenbeck (1937), Kiessling (1916), Leukel 
et aL (1933), Ravn (1900), Shands (1934), and others reported on the 
influence of moisture, temperature, and fertility on seedling developmenfc 
of stripe. A cool, moist, fertile soil favors stripe development in the 
seedling and developing plant. 

Control Measures. — Seed treatment with the organic mercury dusts, 
such as Ceresan, control the seed-borne infection. Resistant varieties 
offer the best means of control of the disease. 

Disease Resistance and Fungus Specialization. — Physiologic special- 
ization occurs, although investigations are not comprehensive enough to 
determine the number or stability of the races or arrange a key for their 
identification, as discussed by Christensen and Graham (1934), Shands 
and Dickson (1934), and others. Resistance in varying degrees is 
common in varieties of most of the barley types. Arny (1945), Isenbeck 
(1930), Shands and Arny (1944), and others reported varieties inter- 
mediate to highly resistant, and they have discussed the inheritance of 
resistance. The evidence indicates more than one factor pair determin- 
ing resistance to stripe in many varieties and a single factor pair in 
certain varieties and cultures of the fungus. Lion (C.I. 923), Peatland 
(C.L 5267), and Chevron (C.I. 1111) have been used extensively in 
breeding stripe-resistant varieties. Resistance has been incorporated 
into many commercial varieties, with the result that stripe is now a 
minor disease in the spring-barley area of the United States. The 
following commercial varieties are resistant enough for practical stripe 
control: Wisconsin Barbless (C.I. 5105), Glabron (C.I. 4577), Trebi 
(C.I. 936), Regal (C.I. 5030), Newal (C.I. 6088), Velvon (C.I. 6109), 
and Mars (C.I. 7015), six-rowed; and Spartan (C.I. 5027), Vance (C.L 
4586), and Hannchen (C.L 531) two-rowed. 

8. Spot Blotch. — Helminthosporium sativum Pam., King, and Bakke. — 
The spot blotch disease is different in several respects from many of the 
other diseases caused by species of Helminthosporium, The fungus 
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attacks a wide range of grasses and is common on wiieat and liark^y. 
The mycelium is very resistant to unfavoralile conditions ami is ahuiHlaiit 
in gramineous crop residues both in and on tim soil surface'. Local 
lesions occur on seedlings, plant crowns, culms, leaves, floral .strucf arcs, 
and kernels. The seedling and crown damagi' occurs in relatively dry, 
hot areas as well as abundant infections of all tissues in liuini<I, warm 
regions. 

Geographic Distribution and Importance. — The disease is widesprc'ad 


Fig. 12. — Seedling blight of barley caused by Ilelminihmponnm mtimm, 8yiu|>toms 
range from stunted seedlings with dark greeu leaves and brown lemons on the leaf 
sheaths to blighted seedlings. 

in North America, and it is common although probably not .so exteasively 
distributed in South America, Europe, Asia, Australia, and Africa as 
reported by Dickson (1930), Hynes (1935, 1937), Ito and Kuribayashi 
(1931), Kuribayashi (1917), Lindfors (1918), Smith (1930), Sorokin 
(1890), and others. Damage on both barley and wheat are s<-vere where 
susceptible varieties are grown extensively. 

Symptoms and Effects. — The seedling blight is characteristically a 
dry rot type of tissue necrosis. The dark-brown to black lesions usually 
occur first on the coleoptile and progress inward. The seedling is killed 
before emergence or more frequently after emergence. The seedling 
leaves of infected plants are dark green, erect, with dark-brown lesions 
near the soil line that soon extend into the leaf blade. Development of 
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infected seedlings is retarded, and tillering is excessive, 
symptoms are similar in barley, wheat, and some grasses, 


Fig. 13. — Spot blotch of barley caused by Belminthosporium sativum and the germinating 
conidium of the fungus. The elongate brown spots with definite margin coalesce later to 
form brown irregular stripes. The conidia germinate by germ tubes from the apical cells 
only. 

rot develops at or below the soil surface. Cortical and leaf-sheath 
tissues are lesioned, tiller buds are blighted, and the crown-root system 
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is invaded. The necrosis is accompanied by a dark-i)rown discoloration 
of the tissues (Fig. 12). 

The leaf spot varies in size and shape. The individual hwions are 
round to oblong with definite margins. Th<^ color is a uniform dark- 
brown without conspicuous water-soaking accomj)atiying necrosis. Tin? 
spots coalesce to form the blotches that frequently covct large areas of 
leaf blade. They are more restricted on the leaf sheath, d'lu* ohler 
lesions develop an olivaceous cast due to the abundant <levelo})ment of 
conidiophores and conidia. The heavily infectcai leaves dry out and 
mature early. The fungus continues to .sporulate on the de.ad tissues 
(Fig. 13). 

Lesions on the floral bracts and kernels range from small black .spots 
to dark-brown discoloration of the surface. The chara<d,eristi(; “black 
point” or blackened embrjm end of the kernel is one of the common 
symptoms on wheat and barley (Fig. 14). The extensive invasion of 
■ crown and culm tissues usually results in shorter culms, partial cnu'rgence 
of the spike, and sterility or poorly filled kern<‘ls. Head blight occurring 
early also causes sterility or killing of individual kernels soon after 
pollination (Figs. 13 and 14). The dark-gray to bhujk mytadium with 
abundant conidial development in most cultures is characteristic when 
the diseased tissues are plated on acidified potato-dextro.se agar. 

The Fnngas.— Helminthosporium mtivum Pani., King, and Bakke 
( Helminthosporium acrothedoides Liridf.) 
{Helminthosporium incompicuum ihsek) 

( Helminthosporium sorokinnnum Sa<!c.) 


Ito and Kuribayashi (1931) reported the aeigcrous st ag(! a.s Ophioholus mtvm I to 
and Kuribay., although the relationship was not eslabli.shed definitely. 

The mycelium is olivaceoas to black wlien matun; and develops abundantly, ineliaiing 
conidial production on media. Conidiophores emerge from Hl<,mata or te-tween epi- 
dermal cell walls, singly or two to three, rarely more. The basal ceil i.s swollen has a 
heavy wall, is dark olivaceous, and the conidial scars are conapi<’uoua, Conidiophore.Von 
agar cultures are short modified branches of hyphatf. The conidia are slightly to dis 
tinetly curved, thick-waUod, reddish to dark olivaceous brown. 1- to lO-sepf ate widesf 
near the middle, and the ends round off abruptly. The size, .shape and color vary 
greatly, depending upon the culture and the environment. The conidia germinate from 
the apical cells only, Drechsler (1923, 1934) (Fig. 13). The ascigr-rous stag,' wa.s de- 
scribed by Ito and Kuribayashi (1931) as follows: “ 


Penthecia are black to brown, pseudoparenchymatous, flask-shaix-d with o.siiol-,r 
beak, and measure 340-470 by 370-530 microns. Many hyphae and coni,liophores 
are associated with the young perithecia, which disapptiar as the is'ritlieeia mature" 
Asci are numerous fusiform or cylindrical, straight or slightly curved, rounded at th,- 
apex, shortly stipitate at the base with hyaline wall, and contain usually four to eight 
ascospores coiled in a close helix. The spores are flagclliforra or filiform, obtasely pointed 
at both ends, somewhat broader at the base, hyaline or light olive, and measure 160-360 
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by 6-9 microns. Drechsler (1934) transferred the group of species with coiled ascospores 
to the now genus CocWiohoiMS. 

Etiology —Seedling and crown infections occur from seed-borne 
mycelium or from crop residues in the soil. The organism develops 
aggressively as a saprophyte on crop residue or mature tissues of the 
cereals and grasses. Disease development is usually more severe in 





Fig. 14. — Spike blight (A) and kernel blight (B) of barley caused by Helminthosporium sativum. 

late-sown grain or in a warm soil. Infection of embryonic tissues is by 
direct penetration, natural openings, or injuries. Frequently insect 
injury of crown tissues is followed by the invasion of Helminthosporium 
sativum. Leaf infections develop under warm, moist conditions, and 
they spread rapidly from secondary conidial infections. The abundant 
conidial inoculum results in severe infection of young tissues whenever 
environmental conditions are favorable. Plants that are retarded in 
development by injuries or unfavorable growing conditions are usually 
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more susceptible to attack. Seed infection is frerpHnitly quite high. 
Extensive platings of both barley and wheat kcTnels from the' North 
Central area during the past 5 years show a,n av{»rage of over 5 ]\or <H‘nt 
infection. In some seasons samples show as liigh as To per c<aU iidVet iom 
Similar surveys in Canada indicate high inhadions in years favorabitf for 
the disease, as reported by Greaney and Machacek {iUi2). 

Control. — The control of the disease is difficult and should given 
more attention than in the past. Sanitation and crop rotation am 
important, l)ut in the spring-gram area, wherii gra.ins and grass(*s eoju- 
prise such a large percentage of acreage, suitable rot at ions offer diffieult ies. 
Seed treatments with the mercury com])ounds have* Ikmuii effective* in 
increasing stands of vigorous seedlings. Resistant varietit*s oiler the 
best means of control. HayesclaZ. (1923), Clirist(‘ns<m (liHoi, and others 
have shown differences in susceptibility, although nuKst wnnmercial 
barleys and wheats are diseased uinh^r favoralde cxuiditions. Hie. most 
resistant six-rowed barleys found to date are in tin* Manchuria group 
and Peatland (C.I. 5267). Haimchen (CM. 531) and Hvaiisota (CM, 1907) 
are moderately resistant two-rowed commerciid varietic^s. Resistance 
apparently is conditioned by several singU* fa<*tor |)uirs infn*rite<i inde- 
pendently. Christensen (1922, 1925, 1937) reporte<l specialif^ation and 
variation in the fungus. 

Mackie and Paxton (1923) have deserihe<l a specic*s of Helminihosporium 
on barley in California differing slightly frc,)m //. fialmim wliich thej^ have 
described as IL calif ornicum Mackie ainl Paxton. Mackie (1928) 
reported Chevalier as resistant to this rusty l>lotcjh. 

9. Rhynchosporium Scald, RhynchoHporimn miulu (Oud.) J. J. Davis. 
The scald disease occurs commonly on barley, rye, and Bromm inenniH 
Leyss. Many other grasses are infected by this species and EhynehoH- 
porium orthosporum Cald. Specialized racies of the parasikjs oc<*ur which 
limit the distribution of inoculum between suscepts. The disease is 
distributed in the cooler, humid and semihumid sections of North aiid 
South America, Europe, and Asia (Caldwell, 1937, Dickson, 1930). 
The disease is of minor importance in the North Central North Americ*an 
spring-barley area, as the commercial barleys are moderatedy n^sistant. 
Scald causes considerable defoliation in the barley section of tlu* Pacific* 
Coast and in areas in Europe and Asia where suBee|>ti!>le varitdies are 
grown. 

Description. — The blotches are conspicuous on the k*af blades and 
sheaths. The lesions are first water-soaked ovate to irregular scald-like 
blotches. The color of the lesions changes rapidly from bluish green to 
zonated scald and brown pigmented rings and finally to a !)Ieached straw 
color with a brown margin on barley and straw color on rye (Pig. 15), 
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The ¥mgnB,—Rhynchosporium secalis {Oud.) J. J, Davis 
{Marsonia secalis Ond,) 

(Rhynchosporium graminicola Hein,) 


Jig. 15, Leaf scald caused by Rhynchosporium secalis on barley (A) and rye (J5). 

The mycelium is hyaline to light gray, developing sparsely as a compact stroma under 
the cuticle of the suscept. The conidia, borne sessilly on cells of the fertile stroma, are 
hyaline, aseptate, cylindrical to ovate, with a short oblique apical beak on most spores, 
and measure 12-20 by 2~4 microns. Rhynchosporium orthosporum Cald. occurring on 




44 

a number of grasses is differentiated by the longer, more c.ylindricid (•oiii<]ia without the 
apical beak. 

Etiology."~The leaf spots d(3velop abunduntiy during cool weather. 
The mycelial stroma on the leaves appanmtly pc'rsists on living or <iead 
leaf tissues to furnish the primary eonidial inoeuium. Loaf seaid on 
winter rye from stroma formed the pnwiotis autunm frc^fpiontly occurs 
during the first frost-free days of spring, fassions <icvc*hjp on !)arloy 
throughout the winter-growing season in the Pacific Coast barley anai. 
Infection is usually aliimdant in late autumn on volunteer spring l>arlc‘y. 
The fungus overwinters on the infected <htul knaves and pro!>abIy on the 
crop residue to produce new infections on barlcw siMMilings the ff>llowing 
spring. Secondary eonidial inoculum is abundant during tlie cool, 
humid spring-growing period and again in late autumn. The conidia. 
are air-borne, frequently from considerable <listaiHa*s, a,tid art^ distributee! 
by rain as well. Infection is by direct penetration of the cutic*le on the 
young leaf. The subcuticular mycelial stroma d(wa‘lops which soon 
ruptures the cuticle, and eonidial production ensues. In tin* winter-barley 
sections, lesions occur infrequently on the floral linicts, although seed- 
borne inoculum has not been deinonstratc^d. 

Control. — Crop rotation, elimination of crop residue, and resistant 
varieties offer the best means of control. Hporadic lo<‘ul occurrence of 
the disease is common on susceptible vari(‘ti{^s even tliough local crop 
rotation and sanitation measures are used. Spring burning of residue? 
on perennial grasses helps reduce the ov(‘rwintered inoculum on the 
grasses. 

Resistant Varieties and Specialization.-- “Most of the commercial 
barley varieties grown in the North Central United States are moderately 
resistant to the disease. Otrada Beardless (C.L 5631) and a Hanna 
selection are resistant at Davis, Calif. Resistance apparently is cion- 
ditioned by a single factor pair^ (Mackie,1929). Reports in the litera- 
ture are conflicting regarding specialization of the fungus. Thi^ evidence 
in the United States and southern Russia indicates specialized races in 
both species of the genus. Six races of Ithynckospmum recalls arc 
reported, each restricted to a single or closely reflated species, according 
to Caldwell (1937). 

10. Antinracnose, CoUetotrichum graminicolum (Ces.) Wils.— Tlie 
disease is common on the cereals and grasses. It is of little importance 
on barley unless the crop is grown on sandy dry soils low in fertility. 
See Anthracnose, Chap. VIII, for the complete discusHion. 

IL Septoria Leaf Blotchy Septoria pasBerinii Saec.— The Septoria leaf 
blotches are common on the cereals and grasses. A large number of 

^ Unpublished information from Dr. F. M. Briggs, department of jigronomy, Cali- 
fornia Experiment Station, Davis, Calif. 
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species have been described with the differentiation based largely on 
spore morphology (Sprague, 1944). The etiology of this group of 
parasites is similar; therefore, the complete discussion of the diseases is 
given in Chap. XI., ' , 

The })lotch caused hj Septoria passerinii occurs sparingly on cultivated 
barleys and several wild Hordeum spp. The disease is distributed 
widely in North and South America, and it is common in both Europe 
and Asia. It causes little damage on barley, as defoliation is rare. 

Description. — The lesions are linear with indefinite margins as the 
yellowish-brown area blends into the^ green of the leaf blade and sheath. 
Numerous small dark-brown pycnidia, imbedded in the tissue, develop 
on tlxe straw-colored older portion of the blotch. 

The Fungm.—Septoria passerinii Bacc, 

{Septoria murina Fs^ss.) 

The mycelium in culture is scant and hyaline to buff colored. Conidia formed in 
culture are cylindrical or slightly curved, 3-septate, and hyaline. Pycnidia are sub- 
epidermal, dark brown, smooth, globose or mostly subglobose, 80 to 150 microns in 
diameter, with a smooth ostiole formed under the stomata of the suscept. Pycnospores 
are 3-septate, usually measure 1.7-3 by 23-46 microns, are hyaline, straight or slightly 
curved, and rounded at the ends. Microconidia develop in the pycnidia under some 
conditions.' ■ ■ ■ 

Septoria nodorum Berk, is reported on barley kernels, Machacek (1945), 

Chap. XL' ■: 

12. Loose Smut, Ustilago nuda (Jens.) Rostr. Introductory Discus- 
sion. — The smuts are relatively numerous on the cereals and grasses; 
for example, three species occur on the cultivated barleys. Mycologists 
and plant pathologists have named the Ustilago spp., in many instances, 
on the basis of the parasitic potentialities of the fungus rather than on 
differentiating morphological characters. This tendency makes it 
impossible to identify the species in certain of the cereal smuts without 
knowing the suscept upon which the fungus occurs. The consolidation 
of these species on sound morphological criteria might be desirable, 
especially with the information now available on life cycle, cytology, and 
genetics of this group of plant pathogens. This is in accord with the 
concept of the e^arly mycologists before information on specialization was 
more complete and knowledge on the type of germination was available 
or when the classification was based largely upon gross morphology. 
Persoon’s (1801) grouping of subspecies under the binomial Uredo 
segeium is an example. More recently, Cunningham (1924), Fisher 
(1943), Rodenhiser (1926), Tapke (1943), and others have discussed such 
recombinations based on morphology. Specialization could be designed 
then within the species by the use of trinomials indicating the suscept 
specialization. This method is in common use in the case of other plant 
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pathogens of the cereals and -grasses, notably in Piieeinta gmmfms Pers., 
P, rubigo-vera (DC,) Wint, Erysiphe graminiH DC., and otlua's. Long 
usage of many of the accepted binomials for theses smut fungb liowc^ver, 
argues against this combination of species and th(‘ resultani c^onftision. 
Stevenson and Johnson (1944) revisenl certain of tin* biiioinials to (*onif>!y 
with the International Rules of Botanical Noirumelatunu I1n* following 
list of the cereal smut fungi includes their revisions. lln‘S(‘ ure a(M‘(‘|}ted 
by many authors, although the binomials us{‘d previously ocrnir in soim^ 
current publications and in the older literatunu 


Lisi’ OF Common Names t)F the Diseases and Binomials of the ChuiEAL Hmct Fi;x«i 



Scientific name according to 

Common name 

The International KuIch of 

Fiovioii."^ American 


Botanical Nornenciature 

.. 

pra<‘tice 

Leaf smut of rice — . 

Etdyloma Uneaixtm (("ke.) J. J. Davis 

E. onjzfte H. A F. Hyd. 

Loose kernel smut of 

Sphacelothem crueuta (Km^hn) A. A. 

S. ermnia t Kuehn) 

sorghum 

Smut of broom corn, 
millet 

Potter 

Sphacelothem dedmens (Schle<‘ht.; 
venson <fe A. G. Johnson 

A, A, Fotfer 

S, pnum-wilince.i 
iFers.) Bub. 

Head smut of corn 

Sphacelothem reiliana (Kuehn) (lint. 

*S'. niUmm (Kuehn) 

and sorghum 


Clint. 

Covered kernel smut 

Sphmelotheca Borghi (Lk.) (Hint, 

N. stwghi (Lk.) Clint 

of sorghum 
Rough-spored bunt of 

Tilleiia caries (DC.) Tul . 

f, Uiim (Bjerk.) 

rye and wheat 


Wint. 

Smooth-spored bunt 

Tilletia Joeiida (Wallr.) Lire 

f, (Iferk. & 

of. rye and wheat 


Curtis) Trel or T. 
Ims Kuehn 

Kernel smut of rice 

Nemmsia horrida (Tak.) Pad. & A. Kahn 

1\ horridii Tak. 

Stalk smut of rye 

Urocystis occulta (Wallr.) Kab. 

f/, mndtu (Wallr.) 



Hal). 

Flag smut of wheat 

Urocysiis triUci Kocjrn, 

f/. tritki Ko€!rn. , ,, 

Black loose smut of 

Ustilago avenue (Fers.) Rostr* 

IJ, Qimrme ClVrs.) Jens. 

oats 

Millet smut 

Usiilago crameri Koern. 

Ustilngo hordei (Fers.) LagtTh. 

{/, crumeri 

Covered smut of bar- 

IL hordei (Fers.) 

ley 


Lagerh. 

Covered smut of oats 

Usiilago kolleriWilh 

1/. km imi & 



Swing.) Magn. 

Com smut 

Usiilago maydis (DC.) Cda. 

Usiilago nigra Tapke 

(i, zme (BiTkm.)Ung. 
U* nigra Tapke 

Black semiloose smut 

of barley 

Loose smut of barley 

Usiilago nuda (Jens.) Rostr. 

U* nwia (Jens.) Kell. 



& Swing. 

Loose smut of wheat 

Usiilago triMci (Fers.) Rostr. 

£/. iniim (Pens.) Rostr. 
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Suscepts and Distribution of the Loose Smut.— The true loose smut 
or “deep-borne'' loose smut occurs on barley and a limited number of 
grasses. M barleys are relatively susceptible as 

well as the selections of Hordeum spontaneum Koch tested. The loose 
smut is distributed widely in regions where humid, cool weather occurs 
during the period barley is heading. . The disease causes reductions in 
yield approximately equivalent to the percentage of loose smut (Semeniuk 
and Ross, 1942) . The smutted plants develop sujfficiently well to compete 
for moisture and soil nutrients and yet produce no grain. Losses are 
higher, therefore, than occur in diseases in which the plants are killed 
before the competition for moisture becomes acute. 

Description.— The smutted spikes emerge from the boot slightly 
earlier than the spikes on healthy plants. The sori are enclosed in a 
fragile membrane which soon ruptures, releasing the brown to dark- 
brown dusty spore mass (Fig. 16). The sori frequently develop in the 
leaves when the plants make a rank vegetative growth. The smutted 
spikes are conspicuous when the barley is heading, as the erect smutted 
spikes stand above the healthy plants during this period of spore spread. 
The brown spore mass is wind-borne over the field, while the healthy 
plants are pollinating and extruding the dehisced anthers. At maturity 
of the crop, the bare rachises of the smutted plants frequently stand erect 
above the level of the filled heads. 

The Fungus. — Ustilago nuda (Jens.) Rostr. 

' ( Ustilago segetum Ym. hordei f. nuda Jens.) 

( Ustilago segetum Ym:, nuda Jens.) 

( Ustilago hordei var. nuda Jens.) 

[ Ustilago nwda (Jens.) K. & S.] 

The mycelium in culture is hyaline changing to buff, sparse, and predominantly 
binucleate. Chlamydospore-like cells develop in the old cultures on malt or barley- 
seedling agar. The mycelium in suscept is hyaline changing to brown, irregularly 
lobed, and predominantly binucleate. The fertile mycelial cells become subspherical 
to spherical and develop finely echinulate brown epispore walls in the formation of the 
chlamydospores. The mature spores are lighter colored on one side, finely echinulate, 
and 5 to 9 microns in diameter (Fig. 16, insert A). The fresh spores germinate readily 
to form a one- to four-celled promycelium (basidium). No sporidia are produced 
(Fig. 16, insert B). Fusions occur between compatible cells of the promycelium by 
means of short or long conjugation tubes. Branches or hyphae develop from the fused 
cells or the conjugation tubes. Limited branching also occurs from unfused (haploid) 
cells, according to Christensen (1935), Dickson and Johann (1946), and Lange (1909, 
1917). The earlier literature is summarized by Roemer et al (1938). The sporidial 
development at low temperatures originally described by Huttig is questionable. 

Etiology. — The wind- or air-borne chlamydospores of U, nuda which 
lodge in the susceptible barley flowers germinate, conjugation occurs 
between the compatible haploid cells of the promycehum, and the 
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binucleate parasitic hyphae penetrate through the stigma or the young 
oyary wall. In most instances, the binucleate mycelium enters the 
suscept tissues in initiating the parasitic phase of the life cycle. The 
mycelium becomes established in the pericarp, remains of the integuments, 
and embryo tissues before the infected kernels are mature, and it remains 
dormant chiefly in the scutellum of the infected kernel until germination 
of the grain, as described by Brefeld (1903), Brioli (1913), Freeman and 
Johnson (1909), Hecke (1904), Hori (1907), Lang (1917), Simmonds 
(1946), and others. The chlamydospores usually lose their germinative 
power after a period of a few months, although spores stored at low 
temperatures frequently remain viable for longer periods, as reported 
by Dickson and Johann (1946), Stakman (1913), and others. Maddox 
(1896) was probably the first to demonstrate floral infection in studies 
with the loose smut of wheat. Environmental conditions, during the 
period the flower tissues of the barley plant are susceptible, are important 
in relation to infection. Humid, cool weather with light showers and 
dews is favorable for dissemination of spores and infection. Inoculation 
by introducing the spores, either dry or in suspension, into the flowers 
before pollination to 3 to 4 days after pollination results in high per- 
centages of infected kernels. The following table representing the 
averages of a large number of inoculations on barley indicates the relation 
of stage of kernel development to infection.^ 


Days before or after pol- 
lination 

1 

Pol. 

1 

2 

3 

■■■ A 

5 

6 

Number of spik(.‘.s inocu- 
lattni 

1 

1 10 

1237 

419 

482 

472 

92 

33 : ;| 

'4 

Average loose smut, per 
cent 

43.0 

34.2 

25,1 

20.3 

20.1 

9.0 

9 6 

3.3 


The development of Usiilago nwda in the infected seed is resumed with 
the germination and growth of the seedlings. Environmental conditions 
show only a limited influence on the development of the fungus during 
the seedling stage. The mycelium enters the culm primordia and develops 
with the tissues during the formation and differentiation of the crown 
buds and finally the floral tissues where spores develop prior to spike 
emergence from the boot. Spores are formed in the leaves when vege- 
tative development is rank. The spores are distributed for some days 
before and after pollination of the healthy flowers. Floral infection 
again esta!)iishes the fungus in the kernel. Seedling infection from 
dormant spores carried over on the seed or in the soil, as in the other 
smuts of the cereals, does not occur naturally. 

1 From unpublished data of H. L. Shands, University of Wisconsin. Madison, Wis. 
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Tisdale and Tapke ,(1924) 'described what they considfa^ed a seedling 
infection with loose smut. Tapke (1032, 1043) later slanved this t<? he 
a loose, type, of smut. with, dark echinulate spores that geniiiiiate to form 
basidia and sporidia, which he described us UdiUujo nigra l^apke. This 
fungus is capable of producing seedling infection. Biedcaikopf (1804) 
first described, inadequately, this type of spore gn^nninalion aiul con- 
sidered the fungus an intermediate type of sp(‘<-ifie rank, V, mvdian^ Bml 

Control— The hot-water seed treatment is Ilu» oidy sutishuttory 
method of controlling the seed infection. Jensen (1888) first iLS(*d tiie 
hot-water treatment for loowse smut control. K(41(»nnan uiul Swingle 
(1890), Leukel et al (1938), Tapke (1924, 192l>), ami others huv(^ modified 
the treatment in an effort to obtain bcttc^r smut control with the minimum 
reduction in seed germination. According to Dickson ( I94fi), presoaking 
in cold water 6 hours and treating the wet grain 13 minutes at r)3®C. 
(127.4'^F.) does not give complete loose smut (control. The loose smut 
infection in a large number of treated barley sampl(‘s rangcai from a tra<a‘ 
to several per cent, depending upon the scaai lot. !Tc‘soaking 12 to 18 
hours in cold water and treating 13 minutes at 53 54°(k (127.4 to 

129.2°F.), cooling immediately, and drying gave complete smut eontroi 
without greatly reducing germination of the seed. \'ariety, season, and 
location where grown influence seed damage by th(‘ tnaitimmit. 

Resistance and Specialissation, — Many of the eonunereinl smooth- 
awned barleys are susceptible to loose smut, but scwenii recently dc*veloped 
smooth-awned selections are resistant. The Matudiuriim varietu^s, 
O.A.a 21 (CJ. 1470), Minn. 184 (C.I. 2330), N. D. 2121 (C.L 21147), 
and Dorsett (C.I. 4821) are moderat(4y n^sistant. Trehi (C.L 936), 
Tregal (C.I. 6359), and Warrior (C.L 6991) constitute some of the mor(j 
resistant commercial six-rowed varieties. Jet (C.I. 967), a tw«>-rowcKl 
black barley, is resistant to the known races of this fungus, liesistaaecj 
apparently is conditioned by several single factor pairs ocH?urring in tin? 
different varieties with modifying factors associates! with resistance in 
some instances, according to Livingston (1942), Nahmmaeher (1932), 
Schaller (1946), and Zeiner (1932). Preliminary linkage data indi<‘ato 
that these factor pairs occur on several chromosomes. Shands (1946) 
has shown a close linkage between stem rust and loose smut r(^^istance in 
the cross Chevron (C.L 1111) X Trebi (CJ. 936) with resistance to eac4i 
disease conditioned by a single factor pair. Specialized races of IL^tilago 
nuda occur, but insufficient data are available to determine the number 
or their differentiation. 

Specialization in the smut fungi was first demonstrated by Kni('p in 
1919. The difference in the use of the term in relation to the snmt 
fungi as compared with those causing the rust and powdery mildtnv 
diseases was discussed by Christensen and Rodenhlser (1940), The 
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rust and powdery mildew fungi are propagated by urediospores or conidia, 
respectively, and thereby true biotypes are maintained. In the smut 
fungi the mature chlamydospores represent the diploid phase in the life 
cycle of the fungus which cannot be propagated independently. The 
chlamydospores germinate to form basidia or promycelia, which represent 
the beginning of the haploid phase as the reduction divisions occur during 
this so-called ^ 'germination” process. Therefore, the resultant cells of 
the promycelium and sporidia are comparable to the sporidia and 
ascospores of the rust and powdery mildew fungi, respectively. Before 
infection occurs in the smut fungi, there must be fusion between com- 
patible haploid lines. Consequently, each new generation of chlamydos- 
pores may consist of a new group of related biotypes. For practical 
purposes, however, the terms "physiologic races” or "specialized races” 
are used in the smut fungi for collections of chlamydospores having the 
same general virulence on certain differential suscepts. 

13 . Black or Semiloose Smut, Ustilago nigra Tapke . — Two species, 
viz», U. avenae (Pers.) Rostr. on oats and certain grasses and U, nigra 
Tapke on barley are similar in morphology, life cycle, and the symptoms 
they produce on the respective suscepts. The two differ only in the 
plants they are capable of parasitizing. 

The distribution of the black semiloose smut on barley probably is 
extensive in Europe, Asia, and North and South America. As this smut 
can be differentiated from the true loose smut only by means of spore 
germination, the data on distribution are not extensive. 

Description. — The characteristic symptoms of the black semiloose 
smut on barley are the relatively dark-brown to black spore mass and 
the variation in the range of looseness of the spore mass. This smut is 
not distinguishable by symptoms alone; microscopic examination of the 
chlamydospores and germination of the spores of the fungus are necessary. 
The membranes enclosing the sori vary from relatively fragile to persist- 
ing or semicovered types. There is apparently considerable variation 
in the membrane texture due to the influence of the suscept (Fig. 17). 
The smutted spikes generally appear later than in the case of the loose 
smut or more nearly comparable to the time of appearance of the covered 
smut. The spores are shed later and over a longer period than in the case 
of the loose smut. 

The Fungus. — Ustilago nigra Tapke 

* Ustilago medians Bied. is used also as the binomial for this fungus, as discussed by 
Tapke (1943). 

Mycelium is not formed abundantly in culture, although in certain isolates, mycelium 
is produced sparsely. The fungus can be carried for relatively long periods in culture 
by the continuous budding of the sporidia. This is especially characteristic on culture 
media high in nutrients. Mycelium in the tissues is hyaline at first and gradually 
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darkens to black at maturity. Chlamydospores are formed in the floral structures, 
and the spore mass is covered by a membrane varying in its persistence. The chlamy- 
dospores are spherical to subspherical, 6.5 by 7 microns, dark brown to black, with ech- 
inulations varying from slight to pronounced (Fig. 17, insert A). The spores germinate 
to form a promycelium (basidium) and oblong to elongate sporidia (Fig. 17, insert A). 
The sporidia increase by yeast-like budding or function as gametes to initiate the hinu- 
cleate stage of the fungus. Allison (1937) and Bever (1945) reported hybrids between 
this species and /lorda (Pers.) Lagerh. 

Etiology .—The chlamydospores are carried over on the seed. The 
inoculum consists of spores carried on the floral bracts or frequently 
enclosed within the lemma and palea. The spores may be distributed 
during the flowering period or later during harvesting procedures. The 
dry chlamydospores remain viable for long periods. Spores introduced 
into the flowers by inoculation do not show the influence of young 
flowers on infection as in the case of the loose smut, as indicated in the 
following table. ^ 


Days before or after 







pollination 

1 

Pol. 

1 

2 

3 

4 

Number kernels inoculated. . 

629 

812 

1012 

1039 

963 

902 

Average black loose smut, 







per cent 

5.8 

17.9 

18.4 

15.3 

16.3 

14.7 


Treatment of a similar number of inoculated kernels with formaldehyde 
(1 part commercial formalin to 250 parts water) gave complete control of 
this smut. Environmental conditions during and following the heading 
of the barley plant have little influence on smut infection by Ustilago 
nigra. Dormant spores may be carried over in the soil under dry 
conditions, notably in winter barley areas. 

The chlamydospores germinate under conditions favorable for the 
germination of the barley kernels. Sporidial formation and gametic, 
fusions occur under the same conditions. Penetration is chiefly through 
the coleoptile into the growing point of the very young seedling. The 
seedling infection and systemic establishment of the parasite in the culm 
primordia are influenced by environment, as reported by Josephson 
(1946). The fungus mycelium develops with the growth and differ- 
entiation of the plant tissues, and finally spores are produced replacing 
the ovaries and the floral bracts. 

Control. — This smut, as in the case of the covered smut, is controlled 
by the ordinary seed treatments. The organic mercury dusts, such as 
Ceresan, have been used extensively for the control of the seed-borne 
spores of this fungus. Formaldehyde, in liquid or dust form, is also 
fairly effective as a treatment. Inasmuch as the spores are frequently 

^ From unpublished data of L. M. Josephson, formerly University of Wisconsin, 
Madison, Wis. 
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within the floral bracts (hulls), the seed-treatment compound must be 
relatively volatile to be effective in the control of the scHHl-borne spores. 
'.'Resistance and Specialization. — The reaction of barley varieties , to 
this fungus is different from that in the loose smut. The varietal 
reaction is in general more similar to that of the covered smut. The 
commercial varieties of barley showing considerable, resistance to this 
smut are Manchurian varieties as a group and certain of the smooth- 
awned .varieties, notably Newal (C.L 6088), Wisconsin Barbless (CL 
5105), and Glabron (C.L 4577). Certain varieties have been r(‘sistant 
to most races of the fungus, viz.^ Persicum (C.L 2448), Pannier (C.L 
1330), and Lyallpur (C.I. 3403). Tapke (1943) rep()rte<l seven distinct 
physiological races of Ustilago nigra on five varieties of barley, as shown 
in the following table. Race 4 occurred morc^ frecjuently in its distri- 
bution in the United States than ail others combiiu‘d. 


Physiologic 

race 

Reaction on barley vari(‘tieH 

Excelsior 
(C.L 1248) 

Hannehen 
(C.L 531) 

Himalaya 
(C.I. 1312) 

Lion 

(C.I. 923) 

Nopal 

(C.I. 

Odeasa 
(C.I. 934) 

1 

R 

R 

R 

R 

E 

^ B 

2 

R 

S 

R 

E 

R 

S 

3 

R 

R 

R 

I 

E 

S 

4 

R 

S 

R 

S 

R 

B 

5 

R 

s. ' : 1 

S 

I 

S 

S 

6 

S 

I 

I 

I 

S 

s 

7 

R 

s 

I 

E 

s 

8 


Josephson (1946), using three additional varieties as differentials-— 
Lompoc (C.L 1213), Manchuria O.A.C. 21 (C.L 1470), and Wisconsin 
Barbless (C.L 5105) — differentiated nine races. 

14. Covered Smut, Ustilago hordei (Pers.) Lagerh. — The ctovered smuts 
occurring on barley and oats are listed under Ustilago hordei (Pers.) 
Lagerh. and U, Jxfollert Wille or formerly U. levin (K. & K.) Magn., 
respectively. The covered smuts on these two ecmeals ava similar in 
symptoms as well as in life cycle and morphology of the fungi. 

The covered smut of barley is common on many of tlie cultivated 
varieties of barley and has been reported by Fischer (1938. 1945) on 
Agropyron cristaturn (L.) Gaertn., A. canimim (L.) Reauv., Elynms 
glaucus Buck!., and E, canadensis L. in the Northwestern United States. 
The covered smut is world wide in its distribution and is perhaps more 
extensively distributed than either of the other two speeic^s on barley. 
The disease causes losses in the barley crop in the United States averaging 
approximately as much as the other two smuts combined. 
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Description —The characteristic symptom of the covered smut on 
barley is a rather persistent membrane enclosing the sorus until the 
plants are fully mature. Quite frequently the grayish-white sori are 
enclosed within the partly modified floral bracts of the spikelet. The 
awn on the awned varieties also develops in most instances (Fig. 17)* 
The smutted heads emerge at about the same time as those of the healthy 
plants and are conspicuous especially as the crop reaches maturity. 
The smut masses and dark-brown to black smooth-walled spores on the 
kernels are conspicuous in the threshed grain from fields where smut 
infection is more than a few per cent. The Federal grain grades designate 
such barley ^ ^smutty/ ^ and the barley grade carries the designation 
“smutty.^^ 

The Fungus. — Ustilago hordei (Pers.) Lagerh. 

(Uredo segetum snhsp. hordei Yefs.) 

(Ustilago carho YQ.Y. hordei DC,) 

( Ustilago segetum YSir, hordei Rsih.) 

( Ustilago segetum var. hordei f. tecta Jens.) 

( Ustilago segetum var. tecta Jens.) 

( Ustilago hordei var. tecta Jens.) 

(Ustilago jensenii^os^Y,) 

( ?7s^z7ago Aordci Kell, and Swing.) 

Mycelium in culture is sparse, most of the development being by yeast-like budding 
of the numerous sporidia. In the tissues the mycelium is at first hyaline, later turning 
to dark brown or black. The chlamydospores are lighter colored on one side, sub- 
spherical to angular with a smooth outer membrane, and range from 5 to 9 microns 
in diameter (Fig, 17, insert B). The spores germinate to form characteristically a 
four-celled promycelium (basidium) and four ovate to oblong sporidia with the abundant 
development of secondary sporidia (Fig. 17, insert B), 

Etiology.— Infection of the very young seedlings occurs from the seed- 
borne chlamydospores. In some drier areas the infection may occur 
from spores in the surface soil. Penetration is through the young 
coleoptile into the embryonic growing point, and the further development 
of the parasite occurs in association with the differentiating tissues of 
the crown buds and floral structures especially. Spores are produced, 
replacing the kernel and, less commonly, the floral bracts. The seedling 
infection is influenced by soil environmental conditions, especially soil 
temperature, moisture, and to a lesser extent, soil fertility, as reported 
by Paris (1924), Schaffnit (1926), and others. 

Control. — The seed-borne spores are controlled by the use of the 
organic mercury dusts as well as by formaldehyde dusts and solutions. 

Resistant Varieties and Specialization. — The varietal reaction to this 
smut is similar to that of the black semiloose smut. There are, however, 
other varieties that show some differential response. The following 
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varieties are relatively resistant to this fungus: Ih'rsicnnn (C I 244Si 
Pannier (C.I. 1330), Hillsa (G.I. 1604), Lyallpur (C.I. 3403)' and a 
hull-less barley (C.I. 2448). Specialization in palhogenicity’ of the 
barley races of this parasite has been shown bv Auinodf fl03")) F-ir!« 
(I924), R„,I»his4r (1928), T.pke (.937, 194,3), „„l „,l„.r.! tII; 

of 8 barley varieties to the 13 physiologic races a.s njportcd by Tanke 
(1937, 1945) follows: 1 ^ ‘ u i apke 


Reaction of, barley varieties 


Physio- 

logic 

Excel- 

sior 

Hima- 

laya 

Ilaim- 

cheri 

Lion 

Nepal 

j ()<l(‘ssa 


(C.I. 

(C.I. 

(c.r. 

(C.I. 

(C.I. 

1 (CU. 


1248) 

1312) 

631) 

923) 

695) 

934; 

1 

R 

R 

I 

E 

R 

S 

8 1 

2 

R 

R 

R 

I 

8 

3 

I 

R 

R 

I 

8 


4 

R 

I 

I 

E 

kS 

8 

5 

R 

' R 

R 

I 

R 

o 

8 f 

6 

R 

R 

I-S 

1 ■ I 

■R 

1 

8 1 

7 

R 

R 

R 

R 

8 

a 

' 8 

8 

R 

R 

R 

R 

R 

o 

s 

9 

I 

R 

I 

I 

8 

8' 

10 

R 

I 

I 

I 

S 

8 

11 

R 

I 

I-S 

I 

I 

8 

12 

R 

I 

I 

R 

. S 

o 

S 

13 


R 

I 

I 

S ' 

s 


Pamiua* 

(CU* 

ism 

11 

E 

R' 

I 
E 

II 
It 
E 
R 

I 

II 
E 
II 


Trebi 

(c.i; 

936) 

I 

R 

R 

I 

I 

S 

I" 

R 

E 

I 

s ■ 

R, 

I 


The phj'siologie race 6 has been reported by Tanke fl<)37 loi-’i 
the n.^t prevalent through the springibarley 
IS. Stem Rust, Pucdnia grmninis Pens —Stfun nmf nn rf V 
IS caused by one or more of three of the sp<'ei-iliz(.d \-irietie« '*.*‘*^- 

Erik,. a„„ He„„., E, r— »L,r riE’^^^ 
specialized races that are confined more particularly to b'arlev i 
rust IS distributed extensively on both cultivated and wild i'lH-ierof 
Hjdeuu throughout the humid and semihumid tempo ate r gi 1 ^ 
die world. Losses generally are not so heavy on barley o^. • n? > 
years as those occurring on wheat. Barley however i-itr. ' ^ i 
stem rust losses in the United States and, in certain afinTil”' 

losses are very severe over relatively wide areas The d K ' 

prevalent in the North Central spring-barlev aVe-, '^1 ^ 

United States than in any of the other barley Action "of Nort iT'*' 
Stem rust is also severe on barley across northern Kunipe ^n Asfa^^Tl 
important stem rust resi.stant varieties used for hr^d ' ^ 

Chevron fC.I. 1111), Peatland fC Purposes are 

lb eatiand (C.I. 5267), and several plant selections 
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similar to these two varieties. Kindred (C.1. 6969) and Mars (C.1. 7015) 
are stem rust resistant commercial varieties. Stem rust is discussed more 
fully in Chap. XL 

16. Stripe Rustj (Schm.) Eriks. & Henn.— The 

stripe rust occurs on cultivated and wild H or deum spp. as well as being 
distributed extensively on Tnfeitm spp. and many grasses. In the 
United States and Canada this disease is of relatively minor importance 
on barley, as it is restricted to the Pacific Coast and Intermountain area 
where most of the commercial varieties grown are moderately resistant. 
Considerable damage is reported on barley in northern Europe, parts of 
northern Asia, and in Argentina in South America. 

Description.— The stripe rust on barley is different in appearance 
from either the leaf rust or stem rust. The linear citron-yellow uredia 
are conspicuous on the leaf blades and sheaths as well as on the floral 
bracts when conditions are favorable for infection. Frequently the 
uredia unite end to end to form narrow stripes extending considerable 
distances on the leaf blades and sheaths of susceptible varieties. The 
telia form narrow, fine lines, dark brown in color, and covered by the 
epidermis. The uredia are conspicuous from very early spring until 
mid-summer; the telia develop sparsely in late summer to maturity of 
the crop. A relatively large number of barleys are resistant to this rust, 
as reported by Sever (1938), Newton and Johnson (1936), Straib (1935), 
and others. For a complete discussion of the stripe rust see Chap. XI. 

17. Leaf Rust, Puccinia anomala Rostr., or preferably P, hordei Otth. — 
The leaf rust of barley occurs extensively in both the winter and spring 
barley areas of the Eastern and Central United States. In this area 
the rust is found almost every season, and in some seasons it develops in 
epiphytotic form, especially in the southern spring-barley area. This 
rust is distributed generally in most of the countries where barley is 
grown. Puccinia hordei is probably confined to cultivated barley species 
and a few closely related wild grasses. The aecial host of this rust fungus 
is found on Ornithogalum umbellatum L. (the common star-of-Bethlehem) 
and some other species, as reported by Mains and Jackson (1924) and 
Tranzschel (1914). Although 0. umbellatum is distributed generally, 
the aecial infection is uncommon in North America. The main distri- 
bution of the rust apparently is a northward spread of uredial inoculum 
from the southern winter-barley area. Certain races of the wheat leaf 
rust fungus, P. rubigo-vera tritici (Eriks.) Carleton, also infect barley in 
the Mississippi Valley area and westward (Johnston, 1936). 

Description. — The uredia are small, round, and light yellowish-brown 
in color. This rust is relatively inconspicuous until uredial development 
is quite abundant. The telia are round to oblong, brown, and covered 
by the epidermis. The teiial stage is less abundant, especially in the 
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more norilu^rii seclioiivS of the Imrle}^ area. Hotli aredia and telia ck^velop 
oil the loaf blades and leaf Bheaths and rarely oeinir on the* iioral structures. 

The Fungus. hordei Otth. or IL anomtihi Pohstr. 

{Puccinia nihigo-vera nmph^ Ktjern.J 
{Puccinia mmplex and Hfumd 

(Aecidiumornith^^ 

Buchwaki (194S) has shown that FamnM hnnki Ottli. was usrU in 1S7I, and P. 
anm/nda Kosir. in 1878, 

The pyeiiia and aeehi oeenr as elevated light orange-yellow areas on the k^aven of 
Ornithogalim. The aeeiospores are globoid, hyaline, and luinutely verrueose. Th(‘ 
urcMlia are round, small, y(‘lk>\vi.sh brown in eolor, arid they show little or tjo rupturiiig 
of the epidernns. Tla* ure(li(>sp(avH are broadly ellipsoid, liglit yellow in eolor, hmdy 
echiniilate, with gcu’in pores distributed on all fa(*e.s of th<‘ Hpor<‘. dlie telia are rotimi 
to ol>long, are eov(;red by the epidermis, and |>r<»duee mainly otte-eelled spores. The 
ieiiospores genniiiate to form characteristically the foyr-eeIk‘<i hasldiutn and sporidia. 

Etiology. — 111 the more southern winter-barley regions, tin* huif rust 
develops in the uredial stage throughout the winter growing period. 
The iirediospores do not overwinter in the s|)ring-barley area. The 
northward spread of the uredial infection is pn* valent as tin: crop develops. 
Infections in the more northern sections fr(*qu{uitly are not evident until 
relatively late in th(^ spring or early summer. Se(,‘ondary spread from 
urediospores is abundant during warm, humid, summer w<*ather. Telial 
development is limited in the spring-barley area. The aeciai stage does 
not develop abundantly, naturally in the United States, although Mains 
and Jackson (1924) r(‘])orted it in Indiana, and it is produced at Madison, 
Wis., when barley straw’ containing telia is p!a<*ed n(*ar Omiihogalum 
umhellatum. 

Control and Resistance.~The economical control of this rust is 
through the use of resistant varieties* Many of the cultivated barleys 
grown in the United States are moderately resistant* Barleys resistant 
to the leaf rust are Callas (C.L 2440), Mecknos Moroe (C.L 1379), 
Peruvian (Cbl. 935), Quinn (C.L 1024), Bolivia (C.L 1257), Juliaea 
(C.L 1114, C.L 2329), and iuany others in the barley collection of the 
U. S. Department of Agriculture. Two selections of Orge, — BiOO and 
— BlOl, W’’ere resistant to the two physiologic races in the United Htates 
and to the Australian race. Two physiologic races of P. miomala have 
been reported by Mains and Martini (1932) in the United States, and 
Waterhouse (1928) reported one additional race in Australia. 
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CHAPTER IV 
CORN DISEASES 

Com, or maize, is represented by the single species, Zea mays L. All 
the cultivated varieties of corn are included in this species, and no wild 
or uncultivated forms are known. Botanical varieties or subspecies of 
Zea mays are pod corn, Z. mays var. tunicata] flour corn, Z. mays var. 
amylacea] flint corn, Z. mays var. indurata; pop corn, Z. mays var. everta\ 
sweet corn, Z, mays var. saccharata; and dent corn, Z. mays var. indentata. 
Dent com comprises the major acreage in the United States and flint com 
in South America, Europe, and Asia. The United States grows approxi- 
mately three-fourths of the world's supply of corn. 

The basic chromosome number in corn is 10 pairs. The inheritance 
of some 350 genes is known, as reported by Emerson, Beadle, and Fraser 
(1935), Jenkins (1936), Mangelsdorf and Reeves (1939), and others. The 
extensive development of inbred lines of corn stimulated by the practical 
program of hybrid com production has resulted in the isolation and sta- 
bilization of many characters, including some conditioning disease re- 
sistance. Practical disease control for seedling blights, root and stalk rot 
diseases, ear rots, smut, and j. few other diseases is being accomplished 
through resistance in the development of inbred lines. In some instances, 
diseases of minor importance have become ephiphytotic in areas where 
susceptible hybrids have been distributed, as in the case of bacterial blight 
and Helminthosporiurn blight. 

Com is a warm-climate annual. However, it is grown under a wide 
range of environmental conditions due to its great adaptability. Changes 
in the length of growing period enable the crop to be grown economically 
from the frost-free southern tropics to an 80-day, frost-free period in the 
Northern United States and southern Canada. The use of hybrid corn 
is increasing the productivity for both grain and silage over this wide 
geographical range. 

Com is damaged by a relatively large number of diseases. The devel- 
opmental anatomy and physiology of the plant play an important role 
in many of these diseases. Estimated annual losses in the United States 
for the 10-year period 1930 to 1939 was 12.5 per cent of the annual grain 
crop, or over 250 million bushels (Plant Disease Survey), The losses in 
sweet corn, an important canning and garden crop in the United States, 
averaged 9.5 per cent, or over 38 thousand tons of canning corn. These 
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losses are being reduced appreciably in recent years with the development 
of better adapted disease-resistant hybrids, 

' L Nonparasitic Diseases. — The nonparasitic diseases in corn are mani- 
fest by various combinations of symptoms. Usually stalk and leaf symp- 
toms are closely associated. The symptoms under field conditions are 
frequently similar to those caused by parasitic organisms. The group of 
maladies is divided into two general classes based upon causci: (1) temper- 
ature and moisture and (2) mineral deficiencies. 

Low temperatures, especially during the period of s(‘edling growtlq 
produce chlorophyll disturbances and retarded growtli. Many of the 
virescent types are expressed more commonly at low light intensity and 
at low temperatures (Demeric, 1924, Smith, 1935). Continued low tem- 
peratures result in browning of leaf tissue, depletion of endospc^rm rcjserves, 
and blighting of seedlings by soil-borne organisms. Warm weather 
usually results in the formation of chlorophyll in the young<‘r leaves and 
recovery, although the plants frequently are retarded in growth. Low 
temperatures and frost before the mature corn is <lrie<l fully cause a 
bleached wrinkled pericarp and low or weakened germination (Kiessel- 
bach and Ratcliff, 1918). 

High temperatures and drought cause firing of upper leaves and tassels. 
The affected tissues are conspicuous as they bleach and dry out. 

Corn is relatively sensitive to certain mineral deficiencies or balance of 
inorganic elements. Leaf spotting, blotching, or chlorosis is frequently 
accompanied by necrosis of stalk tissue below the apical growing point. 
In other instances, deposits of inorganic-organic complex<*H occur in the 
basal stalk tissues. External symptoms are usually reduced internodal 
elongation, yellow to brown leaf lesions, anrl barren stalks or nubbin ears. 
This condition occurs commonly on acid marsh or peat soils or on soils 
high in soluble aluminum and iron compounds. Low potash, magnesium, 
and other elements are associated with the condition. A!)bott et aL 
(1913), Hartwell and Pember (1918), Hoffer and Carr (1923), Jones 
(1929), and Magistad (1925) have investigated this type of injury in corn. 

2. Mosaic, Streak, and Stripe, Infectious Viruses Transmitted by Aphis 
maidis (Fitch) and Several Other*Aphids, Cicadulina Spp. ami Peregrinus 
maidis (Ashm.), Respectively. — Corn, sugar cane, sorghums, and relat{‘d 
grasses are damaged by a complex of virus diseases. Some? of these are 
transmitted to a number of crop plants in these groups, while others are 
restricted in range of suscepts. Damage from these diseases apparently 
is limited to the warmer climates or outside the main corn-producing 
areas. The maladies are common on corn in the sugar-cane sections and 
their distribution on corn is essentially the same as on sugar cane (Brandes 
1920, Brandes and Klaphaak, 1920, Cook, 1936, Stahl, 1927, Storey, 1928 
and 1937, Storey and McClean, 1930). 
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The symptoms of the various maladies are somewhat similar. The 
numerous mosaic strains are manifest on corn by dark-green or light- 
green mottling and striping of the leaves and epidermis of the stalks. On 
the older leaves, the symptoms are less conspicuous and characteristic. 
The corn plants are dwarfed by several of the mosaics, and ear production 
is reduced. Phloem necrosis is common in the corn mosaics. Intracel- 
lular bodies were reported by Kunkel (1921) . The streak and stripe dis- 
eases are differentiated by the green or yellow fine stripes with definite 
margins and the absence of mottling on the leaves. 

Several viruses are associated with these diseases. The corn mosaic 
viruses are transmitted by Aphis maidis (Fitch) (Brandes 1921), at least 
three other aphids, and perhaps by Peregrinus maidis (Ashm.). Ap- 
parently, the aphids persist on sugar cane to infect the annual corn and 
sorghum. Continuous growing of com in the mild climates enables the 
aphids to develop continuously on corn. Certain of these viruses are 
transmitted by mechanical means. Storey (1928, 1933) reported a 
streak disease on corn and sugar cane transmitted by the leaf hoppers 
Cicadulina mbila (Naude), C\ zeae China, and C. storeyi China. Stahl 
(1927) differentiated stripe from sugar cane mosaic and demonstrated its 
transmission by P. maidis. Carter (1941) reported the transmission of 
corn mosaic by this leaf hopper, although the stripe disease may have 
been involved.' 

These diseases are controlled best by resistant varieties as in the sugar 
cane. However, relatively little breeding for resistance in corn is re- 
ported to date. Certain Peruvian flint varieties are resistant to the streak 
disease (see also Chap. X). 

3. Bacterial Wilt (Stewart’s Disease), Bacterium stewartii'E. F. Sm. — 
The bacterial wilt of corn is a destructive disease of susceptible varieties 
of sweet, flint, and dent corn. Before the use of resistant varieties, large 
acreages of sweet corn in the United States were devastated by epiphyto- 
tics of this disease. The wilt earlier was largely responsible for the north- 
ern shift in the canning-corn acreage in this country. The use of the 
resistant single-cross hybrid, Golden Cross Bantam, and other resistant 
hybrids, has reduced this hazard and made possible the economical pro- 
duction of the Bantam-type sweet corn in the. corn-belt area (Smith, 
1933). 

The disease is common in the warmer areas. It occurs infrequently in 
the northern tier of states in the United States. It has been reported from 
Mexico, Puerto Rico, South Africa, and Italy (Elliott, 1941). The major 
damage is confined to the United States, where sweet corn is an important 
commercial crop. 

Symptoms and Effects. — The disease is a typical bacterial vascular 
wilt. The bacteria develop in a gelatinous matrix inside the vascular 
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buBdles of the stalks, inflorescences, and leaves. The ha<*terial liiass 
breaks out of the bundles in the later stages of disease d(n‘'elo|)nu*nt. In 
susceptibfe varieties of sweet corn, the disease is a typical wilt, espcnT'dly 


Fig, 18.— Bacterial wilt of Golden Bantam sweet corn (^) and bacterial leniona on i 
of dent corn (C). ^ Bacterial exudate in bundles is shown in {B), (Co?/.rn,v// of Bw 
Plant Industry^ SoilSf and Agricultural Engineering, U* B. Department of Agriculture.) 

in the early stages of plant growth. Plants not killed are stunted, 
tassels and nubbin ears early, and show considerable leaf neerARiia 
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leaf infections from insect injuries result in pale-green wilted streaks, 
which frequently extend into the stalk (Fig. 18). On dent corn the leaf 
lesions are the characteristic symptom. Abundant lesions result in the 
killing of the leaf blade. The yellow bacterial exudate is conspicuous in 
the vascular bundles of stalks and leaves. In dent corn, stalk infection 
and the lonnation of the exudate is not so extensive as in the more sus- 
ceptible sweet corn varieties. 

The Bacterium. — Bacterium stewartii E. F. Sm. 

[Phytomonas stewartii (E. F. Sm.) Bergey al,] 
{Pseudomonas stewartii E. F. Sm.) 

[Aplanobacter stewartii (E. F. Sm.) McCulL] 

The nonmotile rods with rounded ends develop in a gelatinous matrix. 

Etiology. — The corn plants are infected either from the seed or through 
the feeding injuries of insects carrying the bacteria. Apparently, infec- 
tion direct from the soil is not common. The corn flea beetle is the com- 
mon insect carrier of the inoculum both in primary and secondary infec- 
tions (Elliott, 1941, and Rand and Cash, 1924). Once inside the tissues, 
the bacteria develop in the conductive tissues, frequently filling the ves- 
sels with the bacterial mass. The bacteria spread through the vascular 
bundles to tassels and ears. Kernel infection occurs under favorable 
conditions. The bacteria imbedded in the matrix survive the winter in 
diseased stalk tissues. This source of inoculum apparently is not im- 
portant in initiating the infection the following year, as infested beetles 
carry the bacteria for long periods inside their bodies. From 10 to 20 
per cent of the beetle populations carry the bacteria when they come out 
of hibernation in the spring. The infestation and infection increase simul- 
taneously during the summer. Bacterial lesions, following beetle feeding 
on dent corn, develop abundantly after the plants are in tassel. This is 
the period when beetle infestation usually is highest. 

Resistance to bacterial wilt is the best means of control. Usually the 
early-maturing varieties of corn are more susceptible. The majority of 
the resistant inbred lines and hybrids possess a type of resistance asso- 
ciated with height and lateness of the plants. A few highly resistant 
lines have a type of resistance not correlated with either height or lateness 
(Ivanoff and Riker, 1936). Golden Cross Bantam is the most resistant 
yellow sweet corn hybrid in extensive commercial production. A few 
dent corn hybrids are very susceptible to bacterial wilt. 

4. Cobb^s Disease of Sugar Cane, Xanthomonas vasculorum (Cobb) 
Dows. [Phytomonas vasculorum (Cobb) Bergey et al]. — Ivanoff (1935) in- 
oculated corn, sugar cane, and sorghum with Xanthomonas vasculorum. 
Symptoms and developnient of the disease were similar to wilt, although 
the organism was sufficiently different to retain the species. The dis-. 
cussion of this disease is given in Chap. X. 
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■ 5. Bacterial BligMs.—Several bacterial blights have bcaai deserilMNl on 
com. Certain of these are more common on sorghurus nnd rc^atcnl (*ro|)s 
than on corn. Local water-soaked lesions occur on leaf sheatli and <ailni 
tissue.^ The discussion of this group of diseases is inciud<‘d in Cljap. IX. 

6. Physodemia Brown Spot, Physodernia zen-m(ujdii< Slm,w. -Coim and 
teosinte are the only known hosts of this])arasiie. The <lis(‘ase is of minor 
importance in the extreme southern portion of the corn heli of the Ihiitod 
States and other warm humid regions of corn culture 'Eddins. 
Tisdale, 1919, 1920). The lesions occur o!i leaf and stalk tissu<‘s. Tiie 
oblong to round lesions are slightly wat(‘r“B<)ak{‘fl, light-gre<an later turn- 
ing reddish brown. The small spots coalesce to humi lu'own bl(>ielH‘s, 
especially at the base of the leaf blade and a<ljae(‘ni sheatli tissue. Tla^ 
lesions also occur on the stalk beneath the leaf sheatli. l.ater the (‘piiliu- 
mis and parenchyma collapse to form snuill pockets of <histy-brown spor- 
angia in the leaf sheath and stalk tissues. The stalks frt'quently break 
at these infection centers. 

The Fungus . — Physoderma zm-muydu Shaw. 

The sporangia are smootb, brown, llattened on one side?, and nicasure lS-24 by 
20-30 microns. The lid of the sporangia 0 |>ens on gcrmiiuition, liberating the ani<*iiiate 
zoospores, 3 to 4 microns wide by 5 to 7 microns long. Tin* fusion of ganain'S and the 
formation of a true sporangium is deserilmi by Sparron (1934). 

Etiology. — The fungus develops as an ol^ligate parasik* on corn, and 
the spores persist in the old stalks. The sporangia are distril>uted b^'- 
wind and other agencies. Those falling within the hat whorl ami k^af 
axils germinate to form zoospores. The zoospores b(t<*{une attaclunl to 
the young corn tissues, usually within the leaf whorl, and form an infen^- 
tion hypha that enters the mesophyll or paren(*hymat-ous <*ellH. Larger 
vegetative cells develop from the ine myc^eliurn, ami sporangia, are forme<l 
which ultimately fill the cell Sporangia are disehargtai when the thman 
disintegrate, or they are carried over unfa voralde conditions in the corn 
tissues. Abundant moisture and high temp<Tature ar(‘ (‘ssential to tin* 
development of the disease (Tisdale, 1919, Voorhees, 19:13). 

Control is largely through sanitation and the use of resistant hybrids, 
according to Eddins and Voorhees (1935). 

7. Pythium Root Rot, Pythium arrhencmanes Drechs. and P, gramini- 
colum Subr. — Species of Pythium are parasitic on the ro()tk‘ts of many of 
the grasses as well as other crops throughout the world. The beliavior 
on this former group of suscepts is somewhat different from that, on the 
dicotyledonous crop plants, mainly because of plant structure ami devel- 
opment. Root systems are depleted from the seedling stag<^ until matur- 
ity. Under favorable conditions, seedling blight of corn is more common 
than damping-oflf; the latter being more general in seedlings with small 
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delicate hypocotyls. This group of fungi is associated with crop se- 
quences and soils high in moisture, ■ ’ 

The disease is common on corn, although not so destructive as it is on 
sugar cane, sorghums, and related plants. The root rot of corn is widely 
distributed, from the tropical to northern limits of corn culture and ex- 
tending into the heavier soils of even the semihumid areas (Branstetter, 
1927, and Rands and Dapp, 1934). 

Symptoms and Effects.— The disease is primarily a rootlet rot. Light- 
brown water-soaked lesions develop on the finer rootlets and at the root 
ruptures. In the earlier stages of germination, the rot is in close proximity 
to the seedling tissues; at later stages it may be some distance from the 
crown. The rot advances into the main roots and seedling or crown tis- 
sues in wet, cold soils. Lobulate sporangia occur in the cortex of the 
rotted tissues, usually near the surface. Later, o5spores are formed 
throughout the invaded tissues. In wet, cold soils seedling blight occurs, 
as reported by Johann et al. (1928) and others (Fig. 19). Plating on tis- 
sue media is useful in identification of the species involved (Johann, 1928). 

The Fungus. — Pythium arrhenomanes Drechs. 

(Pythium butleri Subr.) 

[Pythium aphanidermatum (Eds,) Fitzp.} 
(Rheosporangium aphanidermatumiEids.) 

Dreclisler (1936) retains the species P. graminicolum Subr. as morphologically distinct 
from P. arrhenomanesj although they are similar morphologically. Both attack corn, 
sugar cane, sorghum, etc.; the former is more common on the small grains. 

The differentiating morphology of these two species is given by Drechsler (1936) 
and Middleton (1943). Pythium arrhenomanes forms numerous large lobulate sporangia 
in tissues or culture. Oogonia are formed in tissue with crook-necked antheridia and 
remote connections between antheridia and oogonial stalks. Numerous antheridia are 
attached to the odgonium. The antheridial walls do not persist and in the mature 
oospore are nearly indiscernible (Fig. 19). This is in contrast to the close mycelial 
connection between antheridium and oogonium, fewer antheridia attached to an oogon- 
ium, and the persistence of the antheridial membranous parts on the wall of the mature 
oospore in P. graminicolum. Elliott (1943) described a stalk rot of corn caused by the 
similar species, P. aphanidermatum (Eds.) Fitzp. (P. hutleri Subr.). 

Etiology. — The mycelium develops in the soils in association with crop 
residue and invades the plant roots whenever environmental conditions 
are favorable (Carpenter, 1934). The fungus develops in root tissues 
throughout the growing season. 

Control. — Crop sequence and soil preparation, including balanced 
fertility, are remedial measures. The use of resistant varieties and hy- 
brids is becoming an important control measure, as reported by Bowman 
et al (1937), Johann et al (1928), and Rands and Sherwood (1927). Early 
seedling and root infections in infested soils are prevented by seed treat- 
ment with Arasan. 
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8. Downy Mildews, /Sclero^pora pMlippirtensis Weston and Other 
Species.— Corn is attacked by several species of Scferospof a. Only three 
are of major economic importance on this crop. The disease on corn is of 
economic importance only in tropical areas, especially the South Pacific 
Islands, southern Asia, and South Africa. Infection by Sclerospora 
grmmnicola (Sacc.^Schroet. is reported occasionally on corn in the tem- 
perate zones. The age of the plant, tissues invaded, and environment all 
modify the symptoms. White to yellow streaking of the leaves, develop- 
ment of the downy mildew on the streaks, followed by necrosis and brown- 
ing of the streaks, are the characteristic leaf symptoms. Dwarfing, re- 
duced elongation of upper internodes, suckering, and retarded develop- 
ment of the plants are typical where the infection occurs early, as re- 
ported by Butler (1913), Weston (1920). According to Melhm et al. 
(1928), the symptoms on corn caused by S. graminicola are similar to 
those caused by the other species. 

The Fungi. — Several species occur on corn in various parts of the 
world. 

Sclerospora philippinensis Weston. Philippine species on corn 
(Rac.) Butl. Java species on corn 
(S. javanica T aim) 

S. indica Butl. and Bisby. Indian species on corn 
S. spontanea Weston. Philippine on Saecharum spontaneum and corn 
iS. sacchari Miyake. South Pacific on sugar cane and corn 
S> sorghi (Kulk.) Weston and Uppal. Asia, Africa on sorghum and corn 
S. graminicola (Sacc.) Schroet. General on Setaria spp. and corn 
S, macros pora^acc. General on Gramineae 

According to Weston (1920, 1921), the first three species are characterized by the 
conidial stage only having been found. An oospore stage of a Sclerospora occurs on 
Saecharum spontaneum L., but it has not been connected definitely with S, spontanea. 
The morphology of the conidial stage of S. philippinensis ^ S. maydis, md S. sacchari 
is similar. Conidiophores are erect, varying slightly in length and shape for the different 
species, and all three have a conspicuous basal cell. They are dichotpmously branched, 
with the conidia borne on rather long conoid-subulate curved sterigmata. Conidia are 
ellipsoid to ovoid, slightly rounded at the apex, and vary in size in the different species 
(see following table). The conidia germinate by forming a germ tube (Uppal and 
Weston, 1936). Leece (1941), Lyon (1915), and Miyake (1911) reported oospores of 
S. sacchari on sugar cane. According to Weston (1921), the conidia of S. spontanea 
are narrower and longer than in the other species. The species S. sorghi, occurring on 
sorghum and corn in southern Asia and South Africa, is intermediate in morphology 
between S. graminicola^ described in Chap. V, and the tropical group of species, as 
suggested by Weston and Uppal (1932). The conidiophores are erect, with a bulbous 
basal cell and branch in regular close succession. The sterigmata are tapering and long 
(16 microns). The conidia are broadly rotund, the ends are bluntly rounded, and they 
germinate by the formation of a germ tube. The oogonial stage is similar to S, 
graminicola. S. macrospora is discussed in Chap. X. 
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, ,, Etiology — The group of species, occurring in tro|')ieal persists 

in 'the .mycelial; and conidial -stage* Primary and mmuliuy itdecihms 
from conidia occur when weather conditiuns an* fa voni! »Ie. fO|)l|)!i yl ol i{*s 
are common on corn and less common on sugar cane. T1 h‘ sorglmui 
downy mildew extends into the drier area>s, as the odsDores are loiig-livc^d 
and produce primary infections on the new crop. I\i> \'ery satisfacdory 
control measures have been reported. Some differeiK‘C‘8 in response of 
varieties are evident. 

A summary table of the Sclerospora species on the cereals iimi grasses 
appears on the opposite page. 

9. Kernel Mold, Scutellum Rot, and Seedling Injury, Hbizopm^ ds/icr- 
gilluSj md Penicillium Spp,“This type of thunage t<^ corn is vomnum in 
the more humid areas throughout the worhL Tin* disease is associated 
with the maturation and moisture loss in the fH‘ld aiid with storage con- 
ditions after harvest. Losses from this type* of tlamage efTect yi<*ld some- 
what, but more especially the quality of the grain. The cjrganisms in- 
volved are generally secondary, as they are seiiiiparasitie in natun*. Tin* 
primary cause is immature corn of high moisture (H>nti‘nt left in t!n* fhdd 
too long or stored with high moisture. 

The symptoms of this type of damage* an* not easily difTerentiated froin 
kernel damage by Gibbereila, Fusarium, ami i)i|>lodia. The mold 
damage in the kernel is more superficial, with k*ss rotting of tin* kennd and 
a characteristic moldy odor. Frequently, the two grtnips of dis(*a.ses are 
combined. Damaged corn under the F(*d{*ral grain standards im*]ud{*s 
both types. Koehler and Holbert (1930, 193H) ami others have discussed 
the scutellum rot in which these organisms invadt* tin* scult^llum am! a<b 
jacent endosperm to damage the stored reserves and weaken the embryo. 

Damage of this type in seed corn is r{*<lueed by early liarv(*sting and 
artificial drying. Better drying and storage facilities for tin* commenaa! 
corn crop are necessary and economical in pn*venting this typ<* of 1{)8 h. 
Corn hybrids that mature and dry rapidly in the field are iiuportant in 
reducing the damage. 

10. Gibbereila Ear Rot, Kernel Rot, Stalk Rot, and Seedling Blight, 
Gibbereila and Fusarium Spp. — Two species oi Gibbereila are c*onunon on 
corn, and they produce different symptoms as well as dilT(*ring in tluur 
distribution. Gibbereila zeae (Schw.) Fetch [G. saulnneiii (IMont,) Sace.l 
causes a pink ear rot, stalk rot, and seedling blight on corn. Tlnn fungus 
also occurs commonly on the other cereal crops where it eauses more 
damage perhaps than on corn. In the United States, 6'. zeae is <iistribiited 
on com and wheat, barley and rye through the eastt*rn and (amtral sec- 
tions of the corn belt, and it is less cormnon in tlie southern and western 
corn-producing sections. G. fujikurai (Saw.) Wr. produces a kernel rot 
and stalk rot of corn throughout the entire corn belt and southward into 
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S. sacchari 

Sacchamm 
officinarum 
Zea mays 
Euchlaena 
spp. 

Unknown 

South Pacific 

190-280 

Present 

25-41 X 15-23 
Germ tube 
Oogonia 

11-23 

S. maydis 

Zea mays 

Teosinte- 

com 

hybrids 

Unknowm 

Java 

150-300 

Present 

28-45 X 16-22 
Germ tube 
Unknown 

S.philippinensis 

Zea mays 

Euchlaena 

luxurians 

Sorghum 

vulgare 

Sdccharum 

spontaneum 

Miscanthus 

japonicus 

Unknown 

Philippines 

150-400 

Present 

17-57 X 11-27 
Germ tube 
Unknown 

S. spontanea 

Sacchamm 
spontaneum. 
S. officinarum 
Zea mays 
Euchlaena 
luxurians 
Miscanthus 
japonicus 
Sorghum sp. 

Unknown 

Philippines 

350-550 

Present 

39-45 X 15-17 
Germ tube 
Connection 
not certain 

S. noblei 

' ' . S s. ' 

■ s 0 .*? ■■ ■ 

S ® ’ 

■ 

a K 2 

lal § 

UnknouTi 

Australia 

300-450 

Present 

21-37 X 13-29 
Germ tube 
19-35 

Germ tube 

S, sorghi 

Sorghum 

vulyare 

S. arundin-' 
aceum 

Zea mays 
Euchlaena 
mexicana 

Unknown 

South Asia, 
Africa 

180-300 

Present 

15-29 X 15-27 
Germ tube 
31-69 

Germ tube 

S, graminicola 

Setaria mridis 

S. italica 

S. magna 
jS. glauca 

S. verticillata 
Zea mays 
Euchlaena 
mexicana 

Sorghum 

vulgare 

Sacchamm 
offi .1 inarum 
Pennisetum 
spp. 

Millets 

General 

268 

Absent 

14-23 X 11-17 
Zoospores 
30-60 

Germ tube 

S. niacrospora 

Triticum spp. 

Zea mays 
Arena spp. 
Secalis sp. 
Oryza saliva 
Bromus 

commutatus 
Phalaris spp. 
Phraymites 

Glyceria spp. 
Andropogon 
^ spp. 

Pameum sp. 
Lolium spp. 
Alopeaurus 
spp. 

Wheat, 

Bromus, Arena 
General 

Reported by 
Peglion but 
not common 
Zoospores 
60-65 

Germ tube 
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*In addition to the species listed in the table, the following species have been described: Sclerospora miscantlii Miya. on species of Miscanthus mid Saccharum iTom 
Japan and the Philippines with oospores (47 to 49 microns) only described, S. farlowii Griff, on Chloris elegans from the Southwestern United States with oospores (28 to 45 
microns) the only stage known, S. magnusiana Sorok. on Equisetum from Russia, S. butleri Weston on Eragrostis aspera from Nyasaland, S, northi Weston on Erimithm 
from Fiji, and S, oryzae Brizi on rice from Formosa. 
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the subtemperate and tropical zones. The distribution of the two species 
is similar in the other corn-producing areas of the world ; the former species 
being common in the humid temperate zones, the latter extending over 
the humid and semihumid temperate zones and into the subtemperate 
and tropical zones (Blattny, 1931, Edwards, 1937, Maher, 1931, Mendiola, 
1930, Nishikado, 1933, Stevens and Wood, 1935, and others). 

Symptoms and Effects, — The symptoms of the ear rots vary with the 
fungus and severity of attack. The Gibberella ear rot caused by G. zem 
is typically a pink or reddish rot progressing from the tip of the ear down- 
ward. A small portion of the tip to all the ear is rotted, depending upon 
age of the plant when infection occurs and the environmental conditions 
{Fig. 20). The Fusarium kernel rot caused by (?. fujikuroi is typically a 
rot of individual or groups of , kernels. The symptoms produced by G. 
/ttji7caroi and G. fujikuroi subglutinans Ed. are similar. The color of the 
rotted kernels is pink to reddish brown or gray, depending upon the 
general |)revalence of mycelium of the fungus and weather conditions 
, (Fig. 21). In both types of rots, the symptoms are evident after the 
husks are removed. 

The diseased kernels are not all distinguishable in the shelled grain. 
The badly rotted kernels are pink to reddish brown, with mycelium con- 
spicuous on the surface. The less damaged kernels are evident by a 
lusterless pericarp surface and shrunken, sometimes brown, area over the 
embryo. Many kernels infected with these fungi show no external symp- 
toms. Plating the kernels on agar or germinating the kernels in a moist 
atmosphere soon shows the pinkish-white mycelium on the kernel surface. 
Grain infected with Gibberella zeae causes emesis in pigs and humans. 

The stalk rots, more commonly, are associated with the roots, crown, 
and lower nodes of the stalk. They cause reddish lesions, premature 
ripening, and stalk breaking. Local sheath and node lesions, pinkish in 
color, occur frequently with stalk rotting. Gibberella zeae frequently 
causes premature ripening of the stalks, but both fungi develop aggres- 
sively on the dead stalks late in the autumn or in the following spring. 
Bluish-black round perithecia develop abundantly on these stalks in the 
late autumn in mild climates or in the following spring in the main corn 
belt of the United States (Fig. 22). The perithecia of G. fujikuroi and the 
variety G. fujikuroi subglutinans Ed. are not so common in the United 
States as they are in more tropical areas (Edwards, 1935, 1936, Ullstrup, 
1936). 

The seedling blight pf corn is characteristically a water-soaked rotting 
of the cortical tissues. The blight occurs before emergence or when the 
seedlings are in the first to third leaf stage, rarely later. Brown water- 
soaked lesions on the subcrown internode and roots are characteristic, as 
described by Dickson (1923), Pearson (1931). Voorhees (1933). Environ- 
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mental conditions especially low temperatures influence the amount of 
blighting and symptoms, according to Dickson (1923), Dufrenoy and 
Fremont (1931) . Seedling blight is common with Gibherelld zeae, whereas 
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B’ig. 22. — Perithecia of Gibherella zeae (<?. sauhinetii) on cornstalk tissue. Highly magnified 
ascospores of (?. zeae (a) and G. fujikuroi (b) are shown in the inserts. 


root lesions and slender weakened plants occur more frequently with G, 
fujikuroi infections. 

The Fungi. — 1. Gibherella zeae (Schw.) Fetch or 

[Gibherella sauhinetii (Mont.) Sacc.] Used until recently 
{Fusarium graminearum Schw.). Conidial stage 

The detailed synonymy and morphology are given in Chap. XI. 
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Macroconidia are produced in sporodochia or pseudopionnetes, 3~ to 5-septate, 
curved with gradual tapering toward tip. Microconidia and vegetative resting cells 
(chlamydospores) are not produced. 

Peri thecia are borne superficially, are globose, smooth, and blue black. Asci are 
oblong clavate, contain eight spores, arranged obliquely in one row. Ascospores are 
3-septate, slender, tapering uniformly to the ends, and slightly curved (Fig. 22). 

2. Gihherella fujikuroi (SsLW,) Wr. 

[Gibberella moniliformis {Sheld.) Wine.] 

{Fusarium moniliforme Sheld,) Conidial stage 

Macroconidia are produced sparingly, 3- to 5-septate, and curved tow^ard the tip. 
Microconidia are borne in chains or false heads on branches of the hyphae, usually 
nonseptate except when germinating. Perithecia are similar to former species. Asci 
are less clavate, more oblong than in former species, contain eight spores, arranged 
in two irregular rows. Ascospores are straight, tapering to tips, 1- to 3-septate, usually 
1-septate. 

3. Gibberella fujikuroi (Saw.) Wr. var. subglutinans Ed. 
(Fusariurn moniliforme Sheld. var. subglutinans Wr. 

and Reinking.) Conidial stage 

Macroconidia are similar to the species, but less curved toward the tip, usually 
3-septate. Microconidia are borne singly or in false heads, never in chains. Asci are 
long, narrow, subclavate, contain usually eight spores, less commonly four or six arranged 
in one oblique row. Ascospores are straight, rounded at tips, short and thick, and 
1-septate. 

Etiology. — The fungi develop on crop residue of the cereal crops that 
remain in and on the surface of the soil Spore development is confined 
largely to residue on the soil surface. Mycelium, conidia, and ascospores 
are produced during the growing season. Primary and secondary infec- 
tions occur when environmental conditions are favorable. Seed infection, 
even in artificially dried corn, is frequently high, especially with Gibberella 
fujikuroi. Seedling blight occurs during germination and the early seed- 
ling stage when the soil is cold while the seed is germinating. Boot and 
stalk rots become evident soon after pollination and increase in severity 
as the plants mature. Ear infections occur through and around the silks 
as these tissues decline in physiological activity after pollination. Wind- 
borne spores apparently are the main source of inoculum for ear infection. 

Control. — Crop rotation and plowing under crop residue aid in reducing 
the volume of inoculum. Resistant hybrids are important in reducing 
seedling blight and stalk rots. Commercial hybrids also vary in sus- 
ceptibility to ear rot, according to Hayes et al (1933), Holbert et al. (1924, 
1926, 1929), Mclndoe (1931). 

11. Diplodia Ear Rot, Stalk Rot, and Seedling Blight, Diplodia zeae 
(Schw.) L6v. and D. macrbspora Earle and Physalospora Spp. — The 
Diplodia rot is of major importance in economical corn production. The 
disease occurs rather generally wherever the crop is grown intensively. 
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In the Umted States, the disease is important in the corn belt and dimin- 
ishes in amount and severity in the western drier sections and in the north- 
ern, cooler areas. The disease produced by the less common species D. 
macrospora occurs in the more humid, warmer climates. The distrj^iution 
of the disease and damage from it vary considerably depending upon 
climatic conditions. 

Symptoms and Effect. — Seedling blight is generally less prevalent than 
in the Fusarium diseases. The cortical lesions and blighted seedlings re- 
sulting from infected seed are characterized by a brown diy rot, especially 
below the soil surface. 

The stalk rot and leaf-sheath lesions are generally not conspicuous 
until after pollination of the corn plant. Reddish-purple to dark-brown 
blotches occur on the leaf sheath and extend into the nodes and basal por- 
tion of the internodes. Mycelial development frequently is extensive 
between the leaf sheath and stalk; however, other organisms, including 
saprophytes, develop beneath the leaf sheath. Stalk rot is initiated 
from lesions within the leaf sheaths and from rotted roots. Stalk rot 
more frequently develops from the adventitious roots and crown upward 
into the stalk, causing premature ripening and chaffy or rotted ears. The 
brown discoloration of the internodes and nodes is concealed by the dead 
bleached leaf sheaths (Fig. 23). The rotted stalks break over as the 
plants mature. 

The ear rot varies from an inconspicuous infection of the kernels to a 
complete rotting of the ear and husks. The age of the ear tissues when 
infection occurs and environmental conditions influence the ear rot symp- 
toms. The ear rot usually progresses upward from the base of the ear. 
The white to grayish-brown mycelium occurs between the kernels on the 
rotted ears (Fig. 23), The dark-brown pycnidia occur late in the season 
in the invaded husks, the floral bracts, and the pericarp of rotted kernels. 
Pycnidial development on the rotted stalks occurs in late autumn, and 
they are abundant on the old stalk tissues the following spring and 
summer. • 

The Fungi. — 1. Diplodia zeae (Schw.) L6v. 

[Diplodia maydis (Berk.) Sacc.] 

{Sphaeria striaeformis var. 4 Schw.) 

{Sphaeria zeae Schw.) 

{Sphaeria maydis Berk.) 

[Sphaeria Hendersonia zeae (Schw.) Curr.] 
[Hendersonia zeae (Gurr.) HazsL] 

{Diplodia zeae L4v.) 

[Dothiora zeae (Schw.) Benn.] 

[Macrodiplodia zeae (Schw.) P. and S.] 
[Phaeostagonosporopsts zeae (Schw.) Wor.] 




stalk rot (JB) o{ corn caused by Diplodia zeae. (C) Pycnidium 
and conidia highly magnified. 


Globose flask-shaped or irregular pycnidia develop below the surface with a weli-de- 
fined beak protruding through the epidermis. The conidiophores are simple, short, and 
pointed. The conidia are ovate, two-celled, straight to slightly curved with rounded to 
bluntly tapered ends, measure 25-30 by 6 microns, and are olivaceous in color. Blender, 
thread-like hyaline scoiecospores are described by Butler (1913) and Johann (1939)! 
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2. Diplodia macrospora Eaxle, 

{Dothiora zeae var, • macro$ipora (Schw.) P. and S.] 

The morphology of this species is similar to the former except that the mycelium is 
coarser and the conidia are about twice the length oi Diplodia zeae, or 70“80 by 6-8 
microns. Scolecospores are reported associated with this species. 

Etiology —These fungi develop saprophytically on dead corn tissue on 
which inoculum is produced in abundance. The physiologically active 
corn tissues are infected more generally by contact infections from seed- 
borne mycelium, mycelium developing on pollen or organic materials col- 
lected within the leaf sheaths, and mycelium in crop residue in the soil. 
Mechanical injuries also offer avenues of entrance into susceptible tissues. 
As the corn plants approach maturity, the fungus established in the paren- 
chymatous tissues is capable of advancing intercellularly through the 
stalk and into the ear, although most of the ear rot results from local in- 
fections. According to Clayton (1927), Durrell (1923), Holbert (1935), 
Koehler and Holbert (1930), McNew (1937), and Young (1926), the ag- 
gressive development of the fungus is associated with tissues approaching 
physiological maturity. Conidia and mycelia in the old stalk tissues 
are the important source of inoculum. Infected seed is the principal 
cause of seedling blight. 

The disease is reduced by the use of stalk rot resistant hybrids, sanita- 
tion and rotation, and seed treatment (Hoppe and Holbert, 1936, Smith 
and Trost, 1934). The organic mercury dusts are very effective in con- 
trolling the seed infection (Hoppe, 1945, Raleigh, 1930), but they do not 
control the stalk and ear rots. An inhibitor or antibiotic substance 
produced by the fungus is suggested by Kent (1940). 

Physalospora zeicola Ell. and 'Ey, {Diplodia frumenti Ell. and Ev.) and 
P. zeae Stout {Macrophoma zeae Tehon and Daniels) occur on corn in the 
Southeastern and Central United States (Eddins and Voorhees, 1933, and 
Ullstrup, 1946). These fungi also occur on other crops and crop residues. 
Stalk lesions and a minor ear rot are produced by the former, and leaf 
lesions, ear rot, and stalk and tassel lesions on corn are caused by the lat- 
ter fungus. Early symptoms on the stalks and ears are similar to the 
more widely distributed Diplodia rot of eorn. The darker colored my- 
celium, the slate-gray color of the rotted ears, and the frequent presence 
of sclerotia differentiate the Physalospora rot from the Diplodia rot. 
Sterile mycelium is more commonly plated from the tissues rotted by P. 

than by P. zeicola and Diplodia spp.j which usually produce pycnidia 
in culture. 

3. Physalospora zeicola Ell. and Ev. 

{Diplodia frumenti Ell. and Ev.) 

The black perithecia are gregarious, covered by the epidermis, with conical necks 
terminating in glossy black ostioles protruding through the cuticle. The asci are 
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clavate-cylindrical, nearly sessile, measure 95-140 by 10-13 microns, are double walled, 
and appear white in section. Ascospores, usually eight and arranged biseriately, are 
ellipsoid in shape, unicellular, hyaline, and measure 20-23 by 8-9 microns. Pycnidia 
are submerged, black, and contain dark-brown striate aseptate spores. Pycnidia are 
produced in cultures on media. 

4. Phy salospor a zeae Stout 

(M acrophoma zeae Tehon nnd TDeLiiieh) 

The black perithecia with minute papillate ostioles through the cuticle are formed 
in the mesophyll of the leaves and on tassel necks and branches. The asci are long, 
clavate to cylindrical, stalked, double walled, and measure 85-175 by 17-22 microns, 
Ascospores, usually eight and arranged siibbiseriately, are hyaline to dilute amber, 
narrow ellipsoid, unicellular, and measure 19-25 by 6.5-8 (mean 26.8 by 10) microns 
(Ullstrup, 1946). Pycnidia of the imperfect stage occurring in association with peri- 
thecia (Ullstrup, 1946) are submerged, black, globose, protruding, usually with a 
short neck, and produce unicellular ellipsoid tapering conidia. Pycnidium-like struc- 
tures that produce numerous nongerminating, hyaline, unictdled microconidia extruded 
in droplets in a mucous-like matrix are produced in nature and occasionally in culture. 

12. Nigrospora Cob and Stalk Rot, Nigrospora oryzae (Berk, and Br.) 
Fetch and N. sphaerica (Sacc.) Mason.— Corn is the common suscept, 
although the above species and N igrospora sacchari (Speg.) Mason occur 
on a group of Monocotyledonous plants. The disease causes losses of 
corn in some years; however, it is of minor importance on corn and other 
cereals in North America, Europe, and Asia, as reported by Darrell (1925), 
Mason (1927), Fetch (1924), Savulescu and Rayss (1930, 1931), and 
Standen (1945). 

Symptoms and Effects, — The stalk and cob rots are not conspicuous 
until about harvest. The thin-walled cells of the stalk and cob of the 
ear are rotted away, leaving the vascular and selerenchyma tissue. The 
kernels are chaffy, and the cob is shredded and easily broken (Fig. 24). 
The stalks break over at any point below the ear. The cob rot is the most 
important manifestation of the disease, as local losses frequently occur 
in the northern section of the corn belt. 

The Fungi. — Nigrospora oryzae (Berk, and Br.) Fetch and 
• Nigrospora sphaerica (Sacc.) Mason 
{Basisporium gallarum Moll.) 

{Coniosporium gacevi Bubak.) 

The two species were differentiated tentatively on spore size: 13.5 to 14.9 microns 
for Nigrospora oryzae and 16.5 to 17.8 microns for N, sphaerica (Mason, 1927). Standee 
(1943) studied the variability of cultures from corn and other crops and demonstrated 
the difficulty of differentiating by spore size. If combined, the binomial A. oryzae 
should be used. The conidia are spherical, 10 to 20 microns in diameter, black, and 
borne on short lateral branches. 

Durrell (1925), Savulescu and Rayss (1932), and Standen (1944, 1945) 
suggest that the disease develops under conditions of slow or checked 
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development of the corn plant, such as light frosts and sudden and acute 
drought. 

13. Helminthosporium Leaf Blight and Leaf Spots, Helminthosporium 


Fig, 24. — Cob rot of corn caused by Nigrospora sphaerica. The chaffy light-colored ear 
(A) is the characteristic appearance. ' (B) The rotted basal portion of the cob and dark 
masses of spores on the glumes. (C) Surface mycelium, less common. 


tuTcicum Pass., Cochlioholus heterostrophus Drechs. ( H. maydis Nishikado 
and Miyake), and H. carhonum Ullstrup, — Three Helminthosporium 
diseases occur rather generally on corn. These are associated predomi- 
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nantly with the corn and they differ in geographic distribution, 

suscept range, and damage. 

The northern leaf blight caused by H. is distributed widely 

over the world on corn, Sudan grass, Johnson grass, and other sorghums. 
Epidemics on corn occur more generally in the Eastern Uiiite^^ States, 
and the fungus extends north and west on Sudan grass. The character- 
istic symptoms are large linear to irregular, somewhat elliptical, lesions 
on the leaf blades and extending into the leaf sheaths. The lesions are 
first water-soaked, then light olivaceous to brown, and finally black to 
straw color as the tissues dry out (Drechsler, 1923, Koehler and Holbert, 
1938, Ullstrup, 1943). Narrow bands of pigmentation occur along the 
margins of the lesions on Sudan grass (Pig. 25). Under favorable en- 
vironment, the entire leaf blade is killed. Conidia are produced abund- 
antly on the older portions of the lesions. Tassel infection on corn is less 
conspicuous, and ear infection is rare, although infection of the floral 
bracts in Sudan grass is more common. 

The southern leaf spot caused by Cochlioholus heterostrophus ( Hehnin- 
thosporium rnaydis) is distributed widely over the world on corn and teo- 
sinte in the warmer climatic zones. The disease is common in the Southern 
United States, and it occurs associated with the former disease in the 
southern edge of the corn belt. Tlie lesions on the heaves are distinct 
from those caused by H, turcicurn^ as they are smaller, more definite, and 
different in pattern and color (Fig. 25). The numerous spots are elon- 
gated between the veins with limited and parallel margins, usually less 
than 0.5 mm. long, buff to reddish brown in color, with a zonated or 
target-like color pattern (Drechsler, 1925). Less conspicuous spots 
occur on the fiorai bracts of the tassels. Ear infection is not common. 

The leaf spot caused by Helminthosporimn carhonum occurs on corn 
in the United States. The leaf spots are similar to the southern leaf spot 
in race 1 of the parasite, and narrow irregular chocolate-brown spots are 
produced by race 2 (Fig. 25). Both races of the parasite produce a black 
moldy growth over the kernels of susceptible varieties and result in a 
charred appearance of the infected ear (Ullstrup, 1941, 1943, 1944). 

The Fungi. — 1. Helminthosporium turcicum Pass. 

(Helminthosponum inconspicuum Cke. and Ell.) 

Conidial production is abundant on the leaf lesions. Conidiophores emerge two to 
six from the stomata, are olivaceous in color, 2- to 4-septate, and measure 7-9 by 150-250 
microns. The cells of the conidiophore are longer than in most s])(^cies. Conidia 
vary greatly in size and shape, ranging from 45-132 by 15-25 microns. The spores 
are straight or slightly curved, pale olivaceous, widest near the middle and tap(?ring 
toward both ends, usually 3- to 8-septate with a protruding hilum (Fig. 25). Germi- 
nation is characteristically by polar germ tubes. Mycelium and conidia develop on 
culture media. Specialized races occur on corn, some of which infect Sudan grass, 
and on Sudan grass; the latter do not generally infect corn. 
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Fig. 25. Leaf blights of corn (A) and Sudan grass (B) caused by HelmitUhosporium 
turcicum, and of corn caused by H, carhonum (C) and Cochlioholus helerostrophus (D). Inserts, 
at same magnification, show the conidia of (a) H. turcicum, (6) H. carhonum, and (c) C. hetero- 
strophus. {Courtesy of A. J. Vllstrup.) 
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2. Cochlioholus heterostrophus Dreclis. 

(OpMobolus heterostrophus DTechs.) 
(HelminthosporiummaydisY^mhik^&mlMij,') 

Tlie conidiophores arise 2 to 3 from the stomata on the older portion of the spot* 
120 to 170 microns long, olivaceous. Conidia are light olivaceous, 30 to 115 microns 
long by 10 to 17 microns wide, often curved, tapering toward the roumhul ends (Fig. 25). 
They germinate by polar germ tubes. Perithecia are numerous in old tissue, ellipsodial, 

' about 0.4 mm. in diameter, black, with conidiophores and mycelium on the surface, 

ostiolate beak well defined. Asci are numerous, short stipitatc, with a roumled end, 
are 160 to 180 microns long, and contain typically four spores. Ascosporcs are 
filamentous, arranged in parallel multiple coils, usually four coils. Dreehsier (1925, 
1934) gives the details of the morphology and the taxonomic significance of the new 
genus Cochlioholus. 

3. Hel'minthosporium carhonimi Ulktriip. 

This species occurs on a few susc<iptible corn in]:)reds and varieties. Originally de- 
scribed by Ullstrup (1943, 1944) as Helminthosporiuni jmiydu Nishik, and Miy., it is 
relatively similar in conidial morphology to tk; abovtj sp<Mries. Conidia arc straight to 
slightly curved, widest in the center tapering toward the rounded ends, measure 25-100 
by 7-18 microns, are 2- to 12-septate, hav(^ an inconspicuous hilum, and germinate from 
polar cells (Fig. 25). H. zeicola Stout was described on corn stalks, but if a separate 
species, it is not common. 

Etiology —The leaf infections of all three species occur under favorable 
environmental conditions throughout the growing season. The source 
of primary inoculum is largely that produced on the crop residues. Sec- 
ondary conidial infection is general after the leaf infections arc established. 
Mitra (1923), Nishikado and Miyake (1926), and Nishikado (1927) dis- 
cuss the general etiology and distribution of the former two diseases. The 
southern leaf spot disease develops at somewhat higher temperatures than 
the leaf blight. Apparently only Helminthosporium carhomim is seed- 
borne on corn (Ullstrup, 1943, 1944). H. turcicum is seed-borne on 
Sudan grass (Chilton, 1940). 

Control measures consist largely of sanitation, rotation, proper covering 
of crop residue, and use of resistant corn hybrids. The inbred lines N.C. 
34, K. 155, K. 175, Ky, 114, T. 49B, T. 105B, T. 206, Mo. 2IA, C.I. 15, 
C.I. 16, and C.L 23 are moderately resistant to Helminthosporium tur- 
cicum, Many of the commercial hybrids in use are relatively resistant 
or tolerant to all three diseases. Resistance to the destructive race 1 of 
H, carbonum is inherited as a monogenic recessive; therefore, hybrids are 
resistant unless susceptible inbreds are combined, See<l treatment of 
Sudan grass seed with the mercury dusts reduces the infection. 

14. Rhizoctonia Rot, Rhizoctonia Species. — Rhizoctonia especially in 
the warmer climates causes a root, stalk, and ear rot of corn. Many of 
the species of Rhizoctonia are capable of attacking corn. The disease is 
of minor importance on this crop. Voorhees (1934) described an ear rot 
of corn in which the rotted ears are covered by a salmon pink and later a 
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gray mycelium and brown to black sclerotia are formed on the husks. He 
described the fungus on corn as a new species, i?/if 2 ;odoma zem Voorhees. 

15. Smuiy U stilago maydis (DC.) Cda.— The common corn smut is 
one of the most widely distributed diseases on this crop. Teosinte is the 
only other plant infected. Corn smut has been distributed with the 
spread of the crop; yet the disease commonly is not carried over on the 
grain as in many other cereal smuts. Evidently sufficient inoculum is 
carried on the seed to introduce the parasite. Once the parasite is 
introduced and established, the extremely hardy spores, produced in 
countless numbers, perpetuate the fungus. The corn smut eradication 
program in Australia is still uncertain, as new infections occur even 
after 1 or 2 years of apparent absence of the disease. The use of the 
mechanical corn harvester increases materially the amount of inoculum 
carried on the grain. 

The losses from corn smut average high each year. The losses are 
generally greater in the warmer and somewhat drier areas. According 
to Garber and Hoover (1928), Immer and Christensen (1928, 1931), 
Johnson and Christensen (1935), and Jorgensen (1929), the location of 
the galls on the plant and the time of development and size influence 
the effect on yield. Hurd-Karrer^s (1926, 1927) reports on the effect 
of smut infection on sap concentration and sugar content partly explain 
the location effect of the gall on yield. 

Symptoms.— The smut galls occur on any part of the corn plant 
where embryonic tissues are exposed. Gall formation is induced by the 
fungus. As shown by Knowles (1889) , the mycelium developing between 
the cells of the embryonic thin-walled tissues induces hyperplasia and 
hypertrophy and the excessive development of the phloem elements of 
the bundles. The galls are common in axillary buds, individual flowers 
of ear and tassel, and leaves and are less common on stalk tissue unless 
mechanical injuries occur (Fig. 26). The white membrane of modified 
corn epidermal tissue ruptures during gall enlargement, releasing the 
black mass of spores. Galls on corn seedlings usually result in the 
dwarfing and blighting of the plants. The later gall development 
rarely kills the plant or plant parts. 

The Fungus, — [Ustilago maydis (DC,) Cda., or Ustilago zeae (Beckm,) 
Ung-l 

{Lycoperdon zeae Beckm.) 

( Uredo zeae Schw.) 

(Ustilago maydis Cdsb.) 

( Ustilago schivenitzii Tnl.) 

( Ustilago zeae-maydis Wint.) 

( Ustilago euchlaenae Arcong.) 

( Ustilago mays-zeae Magn.) 



Fig. 26.— Corn smut galls on tassel and ear (B) and axillary buds (A). Xiifection ] 
the tissues are fully differentiated results in a sorus involving the entire ear (C). Chlar 
spores of Ustilago maydia, highly magnified, are shown in insert. 

(promycelium) and sporidia. According to Chilton (1940), the type of germiii 
and sporidial development is variable between strains of the fungus. Sporidia inc 
by budding. According to Christensen and Rodenhiser (1940), Sampson (1939> 
Stakman (1940), fusions occur between compatible sporidia. 


•Corn smut galls on tassel and ear (B) and axillary buds (A), hi 
"r ./ zzzAU m a Borus involving the entire ear (C) 
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Etiology— Infection of the corn plant occurs during the period of 
vegetative development. Davis (1936) and Melhus and Davis (1931) 
describe a systemic infection of the plant occuring in the late seedling 
stage and sori development as the tissues differentiate throughout the 
season. Local infections of embryonic tissue occur at any time during 
the vegetative development of the corn plant. Injuries, such as hail 
injury and detasseling, frequently result in late localized infections. 
The source of inoculum is largely air-borne sporidia from chlamydospores 
on the soil and crop residue. The spores are very resistant to extremes 
of environment. Delayed germination is common in a fair proportion 
of the spore population, this greatly lengthens the period of abundant 
inoculum. Sporidial fusion and the development of the dikaryotic 
infection hyphae are characteristic, although Chilton (1940) and Chris- 
tensen (1931) report exceptions. Gall formation and spore dissemination 
are continuous during the summer growing period. The use of the 
mechanical corn harvester increases the spread of spores. The smut 
galls are not deleterious to animals other than increasing the dust content 
of dry fodder. 

Control— In areas where corn is grown continuously or in short 
rotations on contiguous acreages, crop rotation and sanitation do not 
control the disease. This is especially true where the ripe corn is 
harvested mechanically and the stalks are left on the fields. Under 
such conditions, resistant hybrids offer the only satisfactory means of 
control. Cutting the green corn and ensiling it reduce the spore 
inoculum. Under such conditions with crop rotation, it is possible 
greatly to reduce the damage from corn smut. Seed treatment with 
the mercury dusts is important where corn is introduced into smut- 
free areas. 

Smut-resistant hybrids offer the best means of control. Hayes et ah 
(1924), Hoover (1932), Immer (1927), Jones (1918), and others sum- 
marize the problems and the reaction of hybrids and inbreds. Many of 
the more recent hybrids developed for the corn belt are moderately 
resistant to many of the variants of this parasite. Some few inbreds in 
both sweet and dent corn are resistant over a wide range of conditions. 
The variability of the parasite, as shown by Christensen and Stakman 
(1926), Stakman et ah (1929, 1933, 1940), makes the control problem 
more difficult. 

16. Head Smut, Sphacelotheca reiliana (Kuehn) Clint. — The head 
smut occurs on corn and sorghums. In the Central United States, the 
disease is more common on the latter crop group. In the United States, 
the disease on corn is localized in limited sections in the Western Inter- 
mountain an4 Southwestern areas. It is the more prevalent smut on 
corn in southern Russia, India, and South Africa, according to Bressman 
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(1933), McAlpine (1910), Pole-E vans (1911), and Potter (1914). Losses 
from this smut are high in areas favorable for its dt^velopnamt. 

.Symptoms. — The large smut sori replace the tassd and ear in corn 
and the panicle in the sorghums. The sorus consists of thc^ conductive 
tissues of the suscept surrounded by the spore mass anti the fragile 
exterior fungal membrane. Frequently, only part of tlie tassel or panicle 
is replaced by the sorus. In such cases the floral bracts frec|uently 
develop into leaf-like proliferations. The black dusty spore mass is 
conspicuous soon after the tassels or panicles emerge. 

The Fungus . — Sphacelotheca reiliana (Kuelin) Clint. 

[Soro^mium reilianum (Kueliii) Me Alp.] 

(Ustilago reiliana ’Kneim) 

{UsHlago pulveraceaXhok) 

[ Ustilago reiliana forma zeae (Kiielin) Pass,] 

[Cintractia sorghi (Link) liirsch.] 

The sorus is composed of loosely united spores and the con<lu<*iive tissues of the 
suscept at first enclosed by a fragile fungal membrane. Tht^ nHidish-brown to black 
chlamydospores are finely echinulate, irregular to spherical, and 9 to 12 microns in 
diameter. The spores germinate })y forming basidia and lateral sporidia. Germination 
is frequently irregular with branchiing promycelia. 

Etiology. — Infection occurs in the sc^edling or young plant, resulting 
in a systemic distribution of the mycjelium in the a])ieal primordial 
tissues. Sori develop in the floral structures. Pott(‘r (1914) demon- 
strated the prevalence of seedling rather than floral infection. Chris- 
tensen (1926) and Heed et al. (1927) have demonstrated the importance 
of environmental conditions to the seedling infection. Zehner and 
Humphrey (1929) produced infection by introdiKung tlu^ sporc^ suspension 
through the leaf whorl into the growing point in secailings. Spores are 
distributed widely during the latter part of the growing season. Soil- 
borne inoculum is the important source of natural infection. Eeed 
(1927) has shown that separate physiologic races occur on corn and the 
sorghums. 

Control. — Sanitation and rotation are important in preventing seedling 
infection. In areas where the disease is distributed extensively, these 
measures are not sufficient to prevent its occurrence. Seed treatment 
with the mercury dusts helps prevent seedling infection. Differences in 
susceptibility in corn occurs in south Russia and in Kansas. Reed (1927) 
has shown that the sweet sorghum and sorgo varieties are relatively 
susceptible and that the feterita, milo, broom corn, kaflir, and kaoliang 
varieties are resistant. 

17. Leaf Rust, Puednia sorghi Schw. — The rust of corn is of very minor 
importance on both field and sweet corn varieties. Corn and teosinte 
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are the uredial and telial hosts. Several species of chiefly 0. 

stricta L,, 0. cymosa S., 0, corniculata L., distributed in the United 
States and O. europem Europe, are the aecial hosts. The aecial infection 
is limited in the United States. Allen (1933, 1934), Arthur (1904), 
Cummins (1931), Pole-Evans (1923), and Tranzschel (1907) have 
reported on the life cycle and heterothallism in this parasite. 

The Fungus. — Pucdnia sorghi Bchw, 

The pycnia (spermatia) and aecia are citron yellow to orange and elevated on the 
suscept tissues, Aeciospores are angular, hyaline. The uredia form light-brown oblong 
lesions with the epidermis turned back around the margins. Urediospores are globose 
to ovate, slightly verrucose, with several pores unevenly distributed. Telia usually 
form in the uredia and are not covered by the epidermis. The teliospores are ovate 
to oblong, constricted at the septum, dark brown, and have a long persistent pedicel. 

Specialization has been reported by Mains (1934) and Stakrnan aZ. 
(1928). Mains (1924, 1926, 1931) reports resistant varieties and the 
inheritance of resistance on a single-factor pair basis. Rhoades (1935) 
reports the location of a gene for rust resistance on the tenth or shortest 
chromosome. Smith (1926) and Wellensiek (1927) havestudiedinfectioii 
and the nature of resistance. 

Two other rusts are reported on corn from Central and South America. 
Cummins (1941) reported Puccinia polysora Underw. from the above 
areas and in the Southern United States on corn and teosinte and 
Angiopsora zeae Mains on corn from four locations in Central and South 
America. 
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CHAPTER V 


MILLET DISEASES 

The millets are not grown extensively in the United States. Two 
species, Setaria italica (L.) Bemv. [Chaetochloa italica (L.) Scrib.] and 
Panicum miliaceum L., comprise the major acreage. Several additional 
species are grown less commonly in the United States, but extensively 
elsewhere: EcMnochloa crusgalli ysx, frumentacea (Roxb.) Wight, E. 
colonum (L.) Link, Pennisetum glaucum (L,) R. Br., and Eleusine coracana 
(L.) Gaertn. The cultivated millets are important food crops in parts of 
southern Europe, Asia, and Africa. 

In both Setaria and Panicum, polyploid series exist. The basic 
chromosome number in both genera is apparently nine pairs. The 
cultivated Setaria millet is in the nine-chromosome pair and the Panicum 
millet is in the 18-pair group, based on the reports of Arenkova (1940), 
Avdulov (1931), Kishimoto (1938), and Rau (1929). 

The cultivated millets are summer annuals adapted to warm climates. 
Most of the species are drought resistant. Downy mildew and smuts 
are the more important diseases causing losses in this crop. 

1. Bacterial Blights. — ^Two bacterial blights are reported on the millets. 

Bacterial spot ca^nsed hy Pseudomonas alhoprecipitans Rosen [P%- 

tomonas alhoprecipitans (Rosen) Bergey et ah] occurs on the Setaria 
millet and some wild species. Small grayish-green spots with brown 
pigmentation are the common symptoms, as described by Rosen (1924). 

k. bacterial stripe of the Panicum millet caused by Bacterium panici 
Elliott [Phytomonas panici (Elliott) Bergey aZ.] was reported by 
Elliott (1923). The brown stripes on the leaves are water-soaked and 
later show scales of exudate on the surface of the lesions. 

2. Pythium Root Rot, Pytkium Spp.— Rootlet rot and blighting of 
seedlings occurs under certain soil conditions. The Graminicolous 
species of Pythium parasitize these crop plants. 

3. Downy Mildew, Sclerospora graminicola (Sacc.) Schroet. — The 
cultivated millets as well as many wild millet-like grasses are damaged 
by the disease, as described by Melhus, Van Haltern, and Bliss (1928). 
The disease is world wide in its distribution and causes heavy losses, 
notably in Asiatic countries where the millets constitute an important 
cereal crop. The disease is generally distributed in the United States on 
the weed grass, Setaria viridis (L.) Beauv. 
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Symptoms and Effects —The symptoms are very cliaracteristic on 
these millets. The plants are dwarfed chiefly through rednced internodal 
elongation of the culms. Excessive tillering from the crown and develop- 
ment of branches from the axillary buds along the culm are generally 


Fig. 27, — Downy mildew on Setaria caused by Sderospora graminir.ola, and the oospores 
of the fungus highly magnified. 


characteristic. The development of leaf-like malformations of the floral 
bracts and failure of kernel development are further common S3unptoms, 
The downy mass of conidiophores and conidia are usually common on 
suscepts grown in a humid climate and are less common under dry 
conditions. Oospores develop abundantly in the mesophyll and paren- 
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chyma. Leaf necrosis and browning are followed by splitting and 
shredding of the invaded tissues, especially as the plants approach 
maturity. Axillary bud development and shredding of the leaves is less 
pronounced in the Pennisetum spp. The excessive proliferation of buds 
and inflorescences during vegetative development combined with little 
or no kernel development causes a serious reduction in yield where 
infection is high (Fig. 27) . 

The Fungus —Sclerospora graminicola (SsbCG,) SchvoeL 
{ProtomyceBgTaminicolaBd.ee.) 

The conidiophores emerge singly or in groups through the stomatal openings. They 
are short (average 268 microns), thickened, without a basal cell, and produce numerous 
short branches near the apex. The conidia are borne apically on short (8 microns) 
sterigmata. The conidia are elliptical, slightly pointed with a conspicuous dehiscent 
papilla, smooth- walled, hyaline, and range from 14 to 23 microns long by 11 to 17 
microns wide. Occasional larger conidia occur. The conidia germinate to form three 
or more kidney-shaped two-ciliate zoospores. Oospores are produced in large number 
in the cells of the mesophyll and parenchyma. The oospores are irregular to round (30 
to 60 microns in diameter), thick-walled, have a smooth outer wall, and are reddish 
brown in color. They germinate by the formation of a germ tube, as described by 
McDonough (1937). 

Etiology. — The o5spores remain viable in the soil and crop refuse for 
long periods. The o5spores frequently are carried with the seed. Only 
a small percentage of the spores germinate at one time; therefore, the 
oosporic inoculum is present over long periods. Infection of young 
plants occurs from the spores in the soil. Wind-borne spores also may 
serve as inoculum when they come in contact with embryonic tissues. 
Conidia cause secondary spread when the plant tissues are still susceptible 
and weather favorable. The mature plant tissues are relatively resistant. 

Control. — Control of the disease is difficult in areas where these crops 
are grown continuously over large areas, due to the general soil infestation. 
In the United States where millets are not grown extensively, the control 
is easier unless the crop is sown in areas where the wild Setaria viridis is 
infected. Seed treatment with formaldehyde, sulphuric acid, and 
organic mercury compounds are reported as the best treatments. Tasugi 
and Akaishi (1933, 1935) report resistant varieties of the millets. 

4, Helminthosporium Leaf Spots. — Several species have been reported 
on the millets and closely related species. Drechsler (1923) described 
Helminthosporium monoceras Drechs. on Echinochloa crusgalli (L.) 
Beauv, in the United States. Nishikado (1929) reported H. panici- 
miliacei Nishikado and H. yamadai Nishikado on the Panicum millet 
and Ito (1930) H. setaria Saw. with the perithecial stage, Cochlioholus 
setariae (Ito and Kuribay.) Drechs. on Setaria millets in Japan. Mitra 
and Mehta (1934) reported H. nodulosum (Berk, and Curt.) Sacc. and 
H. leucostylum Drechs. on millet-like grasses in India. 
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5. Long Smut, Tolyposporium penicillariae 'BTei. 
reported in the United States but occurs in Asia ai 
to Britton-Jones (1922) and Butler (1918). The pc 


<A) Hoad smut of miUet caused by Sphacelotheca destruens; {B) kernel smut of 
Setana caused by Ustilago neglecta. 


black sori protrude from the floral bracts, 
exposing the greenish-brown spores. 

6. Kernel Smut, Ustilago crameri Koern.- 
the cultivated Setaria millets in Asia and A 


The membrane ruptures 
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United States. It is similar in appearance to the kernel smut caused by 
Ustilago negleda NiessL on Setaria (Weigel) Hubb [S. glauca 

(L.) Beauv.], a common weed grass (Fig. 28) . The disease is severe in 
some of the Asiatic areas, especially where the spores persist in the soil. 
The ovaries are replaced by the spore mass. Thesori are enclosed in the 
floral envelopes and are similar ‘in shape to an enlarged kernel. The 
brittle floral bracts break, releasing the loose spore mass as the plants 
reach maturity, or they persist, enclosing the spores in the threshed 
grain. 

The Fungus.— Ustilago crameri Koem, 

The spores are enclosed by the ovary wall and floral bracts. Spores are subsphericai 
to irregular, 8 to 11 microns in diameter, and reddish brown in color. The spores 
germinate to form a basidium and irregular branching or sporidia. 

Porter (1928), Vasey (1918), Yu et ah (1934) have shown that formalde- 
hyde solutions, copper carbonate, .and the mercury dusts control the seed 
infection and reduce infection from soil infestation. Tu and Li (1935) 
report resistant varieties. ^ 

7. Head Smut, Sphacelotheca destruens (Schlect.) Stevenson and A. G. 
Johnson.— The head smut of the Panicum millets is widespread on this 
crop. Similar-appearing smuts occur on several of the wild species. 
The smut sori are first evident as the panicles emerge. The entire 
inflorescence is modified into a sorus enclosed by a grayish-white false 
membrane. The membrane ruptures as the plants mature, exposing 
the dark-brown spore mass and the vascular tissues of the smutted panicle 

(Fig. 28). 

The Fungus. — Sphacelotheca destruens (Schlect.) Stevenson and A. G. 

Johnson 

(Sphacelotheca panici-miliacei Bubak.) 

( Uredo segetum var. panici-miliacei Pers.) 

( Uredo segetum var. panici Alb. and Schw.) 

( Uredo carbo var. panici-miliacei DC.) 

(Caeoma destruens Schlect.) 

( Uredo destruens Duby.) 

(Tilletia destruens L6v.) 

( Ustilago panid-miliacei Wint.) 

(Sorosporium panici-miliacei Tak.) 

The sori are formed in the inflorescence, completely destroying all but the vascular 
elements. The sorus is covered by a grayish-white false membrane of fungus origin. 
Hyaline angular sterile cells of false membrane adhere in masses to the surface of the 
sorus. Spores are reddish brown, spherical to subspherical, 7 to 10 microns in diameter, 
and mostly smooth. The chlamydospores germinate to form basidia and sporidia. 

The etiology and control are similar to the kernel smut. 
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CHAPTER VI 


OAT DISEASES 


The cultivated oats are derived mainly from two wild species. The ■ 

common oat, Avena sativa L., apparently is the principal commercial j 

species originating from the wild oat, A. falua L., and A. bijzantina i 

Koch, originates from the wild red oat. A, steriUs L. The varieties of | 


A. sativa j the common oat, grown in the cooler climates comprise the 
largest acreage devoted to this crop. The red-oat varieties are grown 
chiefly in the warmer climates. The basic chromosome number in 
Avena is seven pairs. The wild and cultivated species mentioned above 
and A. nuda L, and A. orientalis Schreb. all have 21 pairs of chromosomes. 
Kihara and Nishigama (1932), Malzew (1930), Stanton (1936), and others 
discuss the genetics and cytology of this genus. 

The more recent oat hybrids, combining disease resistance and high 
yielding capacity, represent a significant advance in disease control. 
Murphy (1942) and Stanton (1936) list the source of these selections and 
their reaction to the smuts and rusts. This’parental material represents 
an available collection of superior germ plasm for rapid advance in oat 
breeding. 

The cultivated oats are grouped into two classes — winter and spring — 
based on character of growth. Varieties of the common oat and hybrids 
including it and closely related species comprise the main group of spring 
types. Varieties of the red oat or combinations with it comprise the 
more important winter types grown. In oats, like barley, the winter 
types are distributed in the milder climates and the spring varieties 
occupy the larger acreage in the temperate zones. Fall-sown spring 
oats are grown on limited acreages in the extreme Southern United States. 

Oats occupy an extensive acreage, and they are grown chiefly for feed 
grain. Oats rank third in acreage devoted to the cereal grains in the 
United States. Limited acreages are produced for pasture and hay. 
The oat plant is predominantly a low-temperature crop, especially during 
the seedling and early vegetative period. The red oat type will develop 
at somewhat higher temperature than the common oat, particularly in 
the later vegetative stages. 

Oat diseases cause large losses in the United States. These losses are 
being reduced rapidly by the use of disease-resistant varieties. There is 
still, however, a large acreage of older varieties susceptible to one or more 
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Of the major oat diseases. Estimated average annual losses in the United 
States for the 10-year penod 1930 to 1939 amounted to 10 per cent of 
the crop, or over 103 million bushels annually (Plant Di,s(>ase Survey) 
Losses from the oat smuts and crown and stem rusts have been ah 
preciably lower during the past two years, f.e., since the g<uieral use of the' 

newer disease-resistant varieties. ‘ iaiuscotthe 

maladies are common on oats in 
limited areas. The blasting of spikelets of the panicle is conspicuous 
and causes a reduction in yield. The gray speck or dry leaf spot disease 
IS important on oats and other cereals and grasses. 

iito.— Blast of oats is caused by a number of environmental eon 
drtions. Species and varieties vary greatly in their tendency to produce 
white empty spikelets, especially near the base of the panicle The 
blasting IS apparently associated with a disturbed plant metabnH ^ 
erthe, when the panicle tieenes are dilfe,e„,iatiag“ J S 

Elliott (1925), and'HuBkine 
( 931) discuss the influence of moisture, unbalanced fertility and other 

whfn Xrocf™ «Uhe° 

pollmatlon. Derick and HStoaoSll'LTe InL™ of°bla“7on' 

ste Skirjd'rrdr tt ;7Sr.T;-forr “ 

.plkeleta The W.et adapted verier r 

and‘s7rZ“VH?rS)” 'rhe n.aM 

m 2 f Tf “! Dovie. and jr 

occm oTlhe tatetf MifthThS U ''Sf"'" 
eut, and change to ^hr^V^w “7 

extent of the spots is modified by ynrietrrr n “ 
deficiency, and soil moisture Th<a i /’ ^ nianganese 

leaf bladi are nal^TXre 

well as showing leaf spots in severe manifestations of the Zease 

are reduced greatly when plant development is reterded Th i i r 

Spot stage symptoms are easily differentiated frnm 

described by Ferdinandsen and Wingo °S) ' 

duelve to leaf spot deyelopmel tb^rSHnSrr S 
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Fig. 29. Grray speck and dry leaf spot caused by a deficiency of manganese. (A) gray speck 
and dry spot on oat leaves and (B) a similar disturbance on winter wheat. 


OAT diseases 

direct or indirect effect upon soluble or available manganese appear to 
be among the basic contributing factors. In organic soils, certain 
bacteria are associated with the conversion of soluble manganese com- 
pounds to insoluble oxides (MacLachlan, 1941, 1943). According to 


Lundeg&rdh (1931) all factors that cause a decrease in manganese 
absorption by the plant influence the development of the disease. In- 
directly then, the addition of lime, humus or colloids, nitrates, or alkaline 
phosphates increases the development of gray speck. In addition to the 
manganese deficiency, a disturbed ion balance in the plant, especially 
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extremely low or high potassium-calcium ratios, increases the manifesta- 
tion of gray speck. There is apparently no distinct relation between the 
absolute manganese content of the leaves and the appearance of the 
neerosis. However, the direct cause of the disease is a deficiency of 
manganese. Fertilization with ammonium salts faeilitate.s the solution 
of the manganese in the soil. Blatty (1932), Gerretsen (1937), Hiltner 
(1924), Samuel and Piper (1928, 1929), and others report control by 
the use of manganese sulphate, although in certain soils the results are 
temporary as the added manganese is changed quickly to insoluble 
oxides. MacLachlan (1941, 1943) obtained quicker and more permanent 
results by the use of 1 per cent manganese sulphate spray with bentonite 
and soap. MacLachlan (1941, 1943), Sherman and Harmer (1941) and 
Rademacker (1935) report differences in the tolerance of various ’cron 
plants. ^ 

2. Mosaic, Viruses.— The mosaic on oats occurs in the southern winter 
oat area of North America, and it is reported in similar sections of 
Europe and Asia. The oat mosaic occurring in Southern Russia and 
reported to be transmitted by Delphacodes straitellus (Fall.) has not been 
compared fully with that occurring in North America. Apparently 
certain of the newer winter oat varieties originating from Victoria X 
Richland and Boone hybrids are susceptible, whereas the Red Rustproof 
and Fulghum varieties are resistant to the mosaic in the Southern United 
States. The disease is discussed in more detail in Chap. XL 

3. ^ Halo Blight, Pseudomonas coronafaciens (Elliott) Stapp.— The 
cultivated oats and several grasses (Agropyron, Avena, Bramus spp ) 
are susceptible in varying degrees. The disease is common in North 
America, and it is reported in northern Europe. The severe attack 
early in the season apparently does not cause an appreciable reduction 
in yield of gram. Severe infection just previous to emergence of the 
panicles reduces yield. 


Description.— The lesions are more common on the leaf blades but 
they occur on the leaf sheaths and floral bracts in severe late infections 
The initial lesion is an oval to oblong water-soaked small spot ehandna 
gradually from green to buff or light brown. The initial infection is 
associated with the stomata or more frequently aphid or other insect 
punctures. The tissues surrounding the smalfspot gradually lose the 
green color and become slightly water-soaked and light yellow in color 
The light-yellow zone forms a halo area around the restricted brown 
lesion. As the number of infections increase, the lesions coalesce form- 
ing an irregular halo area (Fig. 30). The tissues dry out and fade to 
hght-brown and straw-colored mottling. No exudate is present on the 
lesion. The spots on the floral bracts are less conspicuous, owing chieflv 
to the reduction in size of the halo area. 
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Fig. 30.— Halo blight (A) and stripe blight (B) of oats caused by Pseudomonas coronafaciens 
and P. siriafadena respectively, showing the progressive stages in lesion development. 

become water-soaked. The bacterial colony apparently modifies the 
physiology of the adjacent cells without rapid necrosis of the tissue and 
in this manner establishes a nutritive balance with the suscept tissues 
without rapid advance between the cells. The pathological histology in 
this type of infection is in marked contrast to that of the bacteria in 
the gelatinous matrix advancing between the cells of the suscept, as in 
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the bacterial blight of barley caused by translucens and 

the stripe blight of oats caused by Pseudomonas siriafaciens (Elliott) 
Starr and Burk. 

The Bacterium.--- coronafaciens (Elliott) Stapp 

[Phytomonas coronafaciens (Elliott) Bergey ai.] 
{Bacterium coronafamens 'Eillioit) 

{Pseudomonas avenae Manns) 

The motile rods with rounded ends and one or more polar fiageila develop without a 
gelatinous matrix. The colony is white on nutrient media. See Elliott ( 1920 , 1930 ) 
for the detailed description of the organism. 

Etiology. — The bacteria enter the tissues through natural openings or 
injuries. Insects are important factors in the distribution and infection. 
Abundant moisture is necessary for the rapid development and spread 
of the disease. Johnson (1937) discusses the importance of high moisture 
content of the tissues (water-soaking) and the development of the disease. 
Secondary infections occur when conditions are favorable. Spikelet 
infection frequently occurs as the panicle is emerging from the leaf whorl. 
The organism is capable of existing considerable periods in crop residue. 
Infections of the hull and pericarp carry the bacteria over on the seed. 

Control.— Seed treatment, sanitation, and rotation reduce the general 
abundance of the disease. The disease occurs rather generally in the 
humid areas despite the practice of these control measures. Apparently, 
insects play an important role in the general spread and establishment 
of the disease. Varieties show differences in susceptibility. Victoria X 
Richland selections are intermediate to susceptible in reaction, and Bond 
hybrid selections, especially D69 X Bond, are resistant. 

4. Bacterial Stripe Blight, Pseudomonas striafaciens (Elliott) Starr and 
Burk. — The stripe blight occurs sparingly on oats in various sections of 
North America. The lesions first appear as sunken water-soaked minute 
spots that coalesce to form long water-soaked stripes. Bacterial exudate 
is apparent on the surface of the lesion. The disease is siinilar in appear- 
ance and the etiology is essentially the same as the bacterial blight of 
barley. 

The Bacterium. — Pseudomonas striafaciens (Elliott) Starr and Burk. 

[Phytomonas striafaciens (Elliott) Bergey et al.] 
{Bncterium striafaciens Elliott) 

The small rods with rounded ends and polar fiageila are smaller than Pseudomonas 
coronafaciens. The colony is white on media. See Elliott ( 1927 , 1930 ) for the detailed 
description. 

5. Downy Mildew, Sclerospora macrospora Sacc. — The downy mildew 
occurs on oats in scattered locations in Europe, Australia, and the United 
States. See Chap. XI, Downy Mildew on wheat. 
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6. Powd.ery Mildew, graminis avenae El. MarchaL— The 

powdery mildew is not common on most of the cultivated varieties of 
oats. Reed (1920) demonstrated that many of the older varieties of oats 
are susceptible to certain specialized races of the fungus. This variety of 
the fungus is specialized on species of Avena 2 ind Arrhenatherum, See 
Powdery Mildew of barley (Chap. Ill) for the detailed discussion of the 
disease.,"; 

7. Fusarium Blight, Gihherella and Fusarium Spp.— The seedling blight 
occurs on all varieties of oats, especially in the Northern United States, 
Canada, and northern Europe. According to Greany et al., (1938) and 
Simmonds (1928) foot rot is also common. Losses from the kernel blight 
are limited, due largely to the open panicle and closed, generally pendent, 
spikelets and flowers. Occasionally, individual spikelets or kernels are 
infected. The blighted kernels are straw colored and generally have a 
pinkish cast from the mycelial and conidial masses. See Fusarium Blight 
of barley (Chap. Ill) and wheat (Chap. XI) for details of the disease. 

8. Helminthosporium Leaf Blotch, Pyrenophora avenae Ito and 
Kuribay. Conidial stage Helminthosporium avenae Eidam.— The disease 
is distributed generally on the cultivated oats, although it is of minor 
importance, as reported by Dennis (1935), Drechsler (1923), O^Brien and 
Dennis (1933), Ravn (1901), and Turner and Milliard (1931). 

Description.— The blotches are oblong to linear with an irregular 
margin. They are light reddish brown, frequently with a sunken center, 
and conidia are fairly abundant on the older portion of the lesion (Fig. 
31). The blotches are generally on the leaf blade. The infected leaf 
blades turn yellow and dry out as the infection advances. 

The Fungus. — Pyrenophora avenae Ito and Kuribay. 

Helminthosporium avenae Eidam. Conidial stage 

{Helminthosporium teres forma avenae-sativae Bri. and 
Cav.) 

( Helminthosporium avenae-sativae Bri. and Cav.) 

The morphology of the conidial stage is similar to P. teres (Drechsler, 1923). Accord- 
ing to Dennis (1935), Dickson (1946), and Ito and Kuribayashi (1931), the perithecial 
stage is not extensively distributed. The perithecia are partly submerged, irregular in 
shape, and less than 0.5 mm, in diameter. Setae and conidiophores are common on the 
surface. Asci, when fully developed, are clavate to cylindrical, slightly curved, rounded 
at the apex, characteristically eight-spored, many with two to four spores. Many asci 
are without organized spores. Ascospores are light brown, 5-septate, constricted at the 
septa with the center two or three cells divided longitudinally in the mature spores (Fig. 
31). 

Etiology. — The primary infection occurs on the coleoptile or seedling 
leaves from seed-borne inoculum or mycelium, conidia, or ascospores 
from crop refuse. Secondary infections occur throughout the growing 
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season. Ascosporic inoculum is a possible source of secondary infection 
as well as conidia from lesions on the leaves and crop refuse. Seed 


Fig. 31.— Helminthosporium leaf spot of oats caused by Pwenonhora m,n,np . 

perithecmm, asoospores, and conidia of the funp^s. {A) typical reddish-brown leaf leai ^ 
(6) penthecum. (c) asei and ascospores, and (| gerUaUng conalum 

infection is common where the blotch develops abundantly, according to 
0 Bnen and Dennis (1933) and Ravn (1900). 
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A leaf blight and culm and crown rot caused by Helminthosporium 
victoriae M.. and M. similar to H. sativum in morphology occurs on oat 
varieties derived from crosses with Victoria (Meehan and Murphy, 1946, 
and Murphy and Meehan, 1946). The disease is prevalent in the winter 
and spring oat areas in the Central United States, and it causes leaf blight, 
premature ripening, and lodging in these newer susceptible varieties. 

9. Scolecotrichum Leaf Blotch, Scolecotrichum graminis yav. avenae 
Eriks.^ — This leaf blotch is common throughout the world on a large 
group of the grasses and less general on oats. The disease is distributed 
widely on the grasses. The oblong to linear reddish-brown to brownish- 
purple blotches with regular margins develop on the leaves. The necrotic 
area is dry and sunken with conspicuous rows of the tufts of conidiophores 
that emerge through the stomata. Conidial production on most of the 
oat varities is sparce. For the full discussion of the disease refer to 
Chap. XIL 

10. Anthracnose, Colletotrichum graminicolum (Ces.) Wils. — The 
disease generally is not so common on oats as on the other cereals. As 
reported by Sanford (1935), the disease develops on the root, crown, 
and basal culm tissues. In severe attacks the plants are killed prema- 
turely. The disease is associated with dry soils low in fertility. See 
Chap. VIII for the detailed discussion. 

11. Septoria Leaf Blotch or Speckled Blotch, Leptosphaeria avenaria 
G. F. Weber. — The disease occurs sparingly on oats and some closely 
related wild grasses. The blotches on the leaves are inconspicuous, with 
an indefinite margin and light-yellow to straw-colored areas intermingled 
with the green. Later the area turns light brown, and the small black 
pycnidia develop on the necrotic portion. Perithecia form later in the 
dead tissue, according to Weber (1922). 

The Fungus. — Leptosphaeria avenaria G. ¥. Weber 

Septoria avenae Frank, Conidial stage 

The pycnidia are scattered over the necrotic area, subepidermal, globose with well- 
developed ostiole. Spores are rod-shaped, usually straight, 3-septate, hyaline, and 
guttulate. Perithecia are submerged, smooth, and black; the ostiole does not protrude. 
Asci are narrowly clavate with rounded apex. Ascospores are fusoid, straight, with 
rounded ends, 3-septate, and yellow to light olive colored. 

According to Sprague (1934), a race of Septoria tritici Rob. occurs on 
oats in the Pacific Northwest. 

Etiology. — The fungus persists from one season to the next in the crop 
residue. The mycelium develops saprophytically on the dead oat tissue, 
and the pycnospores remain viable during unfavorable periods. Asco- 
sporic inoculum probably is not important in the etiology of the fungus. 
Leaf infections occur during cool wet weather. The fungus is capable of 
producing a culm rot when conditions are favorable. 
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12. Black Loose Smut, Usttlago avenae (Pers.) Eostr.— Two species of 
Ushlago cause black loose smuts on the cereals and grasses. The black 
loose smut on oats and some grasses is caused by Ustilago avenae {Pers V 
Eostr. The morphology and life cycle of this fungus is similar to V 
nwa Tapke ( U. medmm Biedenkopf) on barley. A physiologic race 
o V. avenae formerly classified as V. perennans Eostr. occurs on certain 

SuSon Smut of barley, for detailed 

The black loose smut is world wide in its distribution on the cultivated 
oats and wild Avena spp. and related grasses. This smut is less prevalent 
perhaps than the covered smut in the major oat-producing areas of the 
United States. Separate estimates of los.ses from the two oat smuts 
difficult to make because of variations in symptoms of the two smuts 
on different oat varieties (Hg. 32), The combined lo.sscs, howe^r ie 

high but are being reduced rapidly in the past few years by the use of 
resistant varieties. o' uy me use ot 

Description and Effect.~The individual flowers of the oat panicle are 
replaced, in large part, by the spore mass. The smut sori vary from the 
loos^e powdery black spore mass replacing the floral structures, except the 
rachilla, to a semiloose spore mass enclosed within the lemma and palea 
at variety and physiologic race of the parasite largely determine the' 
difference in symptoms. The sori at first are covert ly dehcaWrav 

releasmg the black spore masses. The smutted panicles are the first 

conspicuous evidence of the disease as they appear simuitaneouslv with 
the- emergence of the healthy inflorescences. ““^'tancously with 

The Fungus. Ustilago aamae (Pers.) Eostr. 

{Predo segetum Buhsp. avenae Pexs.) 

( Predo carho var. avenae DC.) 

( Ustilago segetum var. avenae Jens.) 

( Ustilago avenae Jens.) 

[ Ustilago avenae (Pers.) Jens ] 

.. vuy thickcrici «. raTjri "r “r-* 

of barley, for the morphology. ^ ^ ^ Semiloose Smut 

loose* stS' tod Xe m “ both of the black 

loose smut tungi. Seedling infection from seed-borne chkmvdn«n«r«d, 

occurs ^ uring the early stages of germination and seedling development 

"=5==:5S=S 
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Fig. 32. — Oat panicles and spikelets infected with the black loose smut caused by Ustilago 
avenae (A) (a) and covered smut caused by U. kolleri (B) (6), showing the characteristic 
differences in symptoms and spores. The symptoms produced by the two species vary with 
oat varieties. 

Bartholomew and Jones (1923), Johnson (1927), Jones (1923), Reed and 
Fans (1924), and Reed (1938). The spores are distributed from anthesis 
through harvesting of the crop. The spores within the floral bracts are 
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the best situated for seedling infection and the most difficult to reach bv 
seed treatment. The spores germinating beneath the hulls frequently 
are m close contact with the young eoleoptile of the seedling that the smut 
fungus penetrates most readily before the eoleoptile is 1 cm long The 
chlamydospores located between the hulls and the pericarp are protected 
from the direct action of fungicides in solution as trapped air prevents 
complete wetting of the inner surfaces. 

Control.— Seed treatment, especially with volatile fungicidal com 
pounds, controls the loose and covered smuts of oats. Smut-resist nm 
oat varieties are the most effective and economical methods of control 
Seed treatment is advised by many pathologists and plant breeders even 
though smut-resistant varieties are used. This advice is based uuon 
two mam premises: (1) seed treatment to prevent the possible establfsh 

The Reaction of 10 Diffehcntial Varieties of Oats to 15 PHysiOLOoic 

Races of Ustilago avenae 


Smut reaction on differential 


Physiologic 
race no. 

Anthony 
(C I. 2143) 

Black 
Diamond 
(C.I. 1878) 

Victory 

1 (C.I. 560) 

Gothland 
(C.I. 1898) 

Monarch 
(C.I. 1870) 

Fulghum 
(C.I. 708) 

A 

1 

s 

S 

S 

R 

R 

R 

2 

s 

S 

s 

R 

R 

R 

3 

s 

s 

s 

R- 

S 

R 

4 

s 

s 

s 

R 

S 

R 

5 

S' j 

s 

s 

■si 

R 

R 

6 

s 

s 

s 

s 

■'S'' 

' R 

7 

s 

s 

s 

s 

s 

R 

8 

s 

s 

R 

R 

R 

R 

9 

s 

s 

R 

R- 

R 

s 

10 

s 

R 

s 

S 

R 

R 

11 

s 

R 

s 

s 

R 

R 

12 

R 

S 

R 

R- 

R 

S 

13 

R- 

R 

R 

R 

S 

R 

14 

s 

s 

s 

R 

R 

S 

15 

R 

s 

R 

B 

S 

s 


varieties 


resistant; mean, 0 to 5 per cent. R- 
ceptible; 10 per cent or above. 


bCOO 
cj ■ 

pic £0 
o d . 


R 

R 

R 

S 

R 

E 

R 

R 

R 

R 

R 

R 

R 

R 

R 


lO 

CO 

C5 

13 

S- 


(M 

O 

.SO 

12; 


R 

S 

R 

R 

R 

R 

S 

R 

R 

R 

R 

R 

R 

R 

R 


R 

R 

R 

R~ 

R 

R 

R- 

R 

R 

R 

S 

R 

E 

R 

R 


o 

CO 

30 


R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

S 

s 


resistant to susceptible; mean 'S.'.to' m^per'eent. 

meat ar.d aocumulation of races of the smut fungi capable of attacldoe 
the reratant variety, and (2) seed treatment to protect the seekp from 
».l-borne and other seed-home organisms parasitic on oat seedlings 
Seed-treatment erpenmente »ith smnt-resistant varieties in the NorS 
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Central humid area indicate increased stand in many instances, but 
relatively few show significant increases in yield at the standard rate of 
seeding (2 bushels per acre). Economizing on seed by reducing the rate 
of seeding, combined with seed treatment, is probably desirable in many 
areas.'' .. 

Specialization and Resistance.— Physiologic specialization has been 
investigated extensively since Reed (1924) first described the two physi- 
ologic races for each species. Reed (1940) differentiated 29 races of 
Ustilago amnae; of these, 2 races (10 and 11) infected a few species and 
varieties, 6 races attack Pulghum (C.I. 3211), 6 races are unable to 
attack Fulghum but infect Gothland (C.I. 1898), and 15 races are unable 
to infect either Fulghum or Gothland. Roemer et at. (1937) and Vaughan 
(1938) reported a race capable of attacking Black Mesdag (C.I. 1877) 
and Sampson (1929, 1938) one infecting Avena brevis. Reed and Stanton 
(1942) reported a subrace 30A infecting Victoria (C.I. 4201) and Lee X 
Victoria selections. Races 30 and 31 infect Victoria but not the Victoria X 
Richland varieties; however, Hansing et aZ. (1946) reported a race infect- 
ing this latter group of varieties. Holton and Rodenhiser (1946) have 
reviewed the literature and reported on extensive experiments with the 
specialized races collected in the United States and Canada. Using 10 
differential varieties of oats, they report 15 races of U. avenae and 7 races 
of U. holleri. These include many of the races differentiated by others, 
although the equivalents are indicated in only a few. The table on 
the opposite page is condensed from the data presented by Holton and 
Rodenhiser (1946). 

The practical application of information on specialization is in relation 
to determining smut resistance. Holton and Rodenhiser (1946) list the 
following oat varieties and hybrid selections, which were smut-free in 
field tests at Pullman, Wash., with the 22 individual races of Ustilago 
avenae and U. kolleri. 


Variety or Selection with Pedigree C. I. Number 

Benton (D69 X Bond) 3910 

Boone (Victoria X Richland) 3305 

Clinton (D69 X Bond) 3971 

Huron (Markton X Victory) 3756 

Marion (Markton X Rainbow) 3247 

Markton. 2053 , 

Marvic (Markton X Victory) 2597 

Neosho (Fulghum X Markton X Victoria-Richland) 4141 

Rangier (Nortex X Victoria) 3733 

Bond X Anthony Sel 4004 

D69 X BondSei....... 3662 
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Variety or Selection with Pedigree 0. 1. Number 

1)69 X Bond Sel 3663 

1)69 X Bond Sel .... . 3841 

D69 XBondSel 3846 

D69 X Bond Sel 4285 

D69 X BondSei 4272 

Pulghum-Markton X Victoria-Richland Sel. ......... . . ... 4001 

Markton X Rainbow Sel 3350 

Red Rustproof X (Victoria-Richland) Sel. 3720 

Richland X Fulghum Sel 3966 

Victoria-Richland X Markton-Rainbow Sel.. . ........... . 3609 

Victoria-Richland X Morota-Bond Sel 4301 


They report many other of the newer varieties and selections as 
resistant or with only small percentages of smut produced by a few 
physiologic races. Certain varieties, however, were highly susceptible 
to specific races. 

Resistance to the two oat smuts is conditioned by several factors and 
modifiers or inhibitors acting independently or in combinations. The 
oat varieties and physiologic races of the parasites determine the factors 
functioning in the expression of resistance. Single factor pairs, single 
factors and modifiers, and multiple factors are reported by Hayes et aL 
(1939), Reed and Associates (1934, 1935, 1937, 1938, 1941, 1942), Stanton 
et al. (1934, 1943), Torrie (1939), and many others. The nature of smut 
resistance and invasion of the resistant plants is discussed by Western 
(1936, 1937) and Zade and Arland (1933). The genetics of the oat smut 
fungi and inheritance of characters in crosses is summarized by Chris- 
tensen and Rodenhiser (1940), Holton (1931, 1932, 1936), and Sampson 
(1939). 

13. Covered Smut, Ustilago kolleri Wille. — The covered smuts of oats 
and barley are similar in symptoms, morphology of the fungi, and etiology. 
The persistence of the membrane enclosing the sorus varies with oat 
variety. Hybridization between U, avenae and f/. kolleri results in 
normal segregation for both fungus characters and disease symptoms, 
according to Holton (1931, 1932, 1936). 

The covered smut is world wide in its distribution on cultivated oats 
and wild species of Avena, Losses in general probably are greater than 
those caused by the black loose smut, owing to the greater prevalence of 
the covered smut. Varieties resistant to the covered and# black loose 
smuts are effective in reducing losses from these diseases in the major 
oat-producing regions, of the world. 

Description and Effect. — The smut sori replacing the kernels are 
enclosed in a fairly permanent membrane comx)osed of pericarp and 
floral bracts. The smutted panicles are the first conspicuous evidence of 
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the disease. In varieties in which the floral bracts are not modified 
greatly by the smut, the smut sori are not conspicuous until the crop is 
mature. The bleached lusterless lemma and palea then appear gray due 
to the spore mass within. The smut sori are broken during ripening of 
the grain and threshing, releasing the spores over the surface of the 
healthy kernels. In many varieties.of oats, the sori develop in the lemma 
and palea as well as in the kernel, and in such varieties the smut is more 
apparent (Fig. 32). 

TheFungm — UsUlagokolleri'Wille 

(Ustilago avenue var. levis Kell, and Swing.) 

[ C/s^zZagfo Zem (Kell, and Swing.) Magn.] 

The fungus is distinguished by the small smooth chlamydospores which germinate to 
form a promycelium (basidia) and sporidia. See Chap. Ill, Covered Smut of barley, 
for morphology and detailed discussion. 

Etiology. — Seed-borne chlamydospores and seedling infection occur as 
in the black loose smut. 

Specialization and Resistance. — Reed (1940) differentiated 14 physi- 
ologic races of Ustilago kolleri on 10 species and varieties of Avena, 
Holton and Roderihiser (1946) differentiate 7 races, using the same 10 
differential varieties employed for determining the races of U. avenue, as 
condensed in the following table. 

The Reaction of 10 Differential Varieties of Gats to 7 Physiologic Races 

OF Ustilago kolleri 


Smut reaction on differential varieties 


Physiologic 
race no. 

Anthony 

Black 

Diamond 

Victory 

Gothland 

Monarch 

: 

Pulghum 

Black 

Mesdag 

Camas 

Nicol 

Lelina 

K 

1 

S 

S 

S 

R 

R 

R 

1 R 

R 

R 

R 

2 

s 

s 

s 

R 

S 

R 

1. R, ■ 

R 


R 

3 

s 

s 

s 

S 

R- 

R 

R 

R 

R 

R 

4 

s 

s 

R 

R 

S 

S 


R 

R 

R 

5 

s 

s 

s 

R 

s 

R 

S 

R 

R 

R 

6 

s- 

s 

R 

R 

R 

R 

R 

R 

R 

R 

7 i 

s 

s 

S 

S 

R 

R 

R 

R 

R 

S 


R = resistant ; mean, 0 to 5 per cent. 

R — = resistant to susuptible; mean, 5 to 10 per cent. 
S = susceptible; lO ijer cent or above. 
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The Reaction m the Seedling Stage of 6 Groups of Oat Varieties to the Uredial 
Stage of 12 Physiologic Races op Pucdnia grmninis averiae 


Varietal groups 

C.I. 

no. 

Seedling infection type by races of P. graminis avenae 

1 

2 

3 

4 

5 

6 

7 

8 

,'9 

10 * 

12 

13 . 

Group 1: 














Anthony. 

2143 

2 

2 

4 

4 

2 

4 

4 

2 

2,, 

2 

.4 

4 

Green Mountain . . . . . 

1892 

2 

2 

4 

4 

2 

4 

4 

2 

2 . 

2 

4 

4 , 

Minn. 742. .... . 

2874 

2 

2 

4 

4 

1 

4 

4 

2 

1 . 

2 



Minrus. . ............ 

2144 

2 

2 

4 

4 

2 

4 

4 

2 

2 

2 

4 

,4 

White Tartar 

551 

2 

2 

4 

4 

2 

4 

4 

2 

2 

2 

4 

4 

Group 2; 














Hajira X Joanetto — 

4023 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Hajira X Joanette. . . 

4024 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Hajira X Joanette. . . 

4025 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Group 3: 














Victoria X (Hajira X , 














Banner) Selections 














1225, etc 


1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

Group 4: 














Hajira 

1001 

1 

1 

1 

4 

1 

4 

2 

4 

X 

4 

1 

4 

Hawkeye 

2464 

2 

1 

2 

4 

2 

4 

2 

4 

X 

4 



logold 

2329 

1 

1 

1 

4 

I 

4 

i 

4 

X 

4 

1 

4 

Iowa D67 

2870 

1 

1 

2 

4 

2 

4 

2 

4 

X 




Rainbow 

2345 

1 

1 

2 

4 

1 

4 

1 

4 

X 

4 



Richland 

787 

1 

1 

1 

4 

1 

4 

1 

4 

X 

4 

1 

4 

Group 5: 














Joanette strain 

26f>0 

1 

4 

1 

1 

X 

4 

4 

4' 

4 

X 

X 

X 

Sevnothree 

3251 

1 

4 

1 

1 

X 

4 

4 

4 

4. 

X 

X 

X 

Group 6; 














Alber 

2766 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



Belar 

2760 

4 

. 4 

4 

4 

4 

4, 

4 

4 

4 

4 

4 

4 

Bond 

2733 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Cassel 

2911 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



Cowra 

2761 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 



Fulmer 

2912 

4 

4, 

4 

4 

4 

4 

4 

4- 

4 

4 



Glabrota 

2630 

3 

4 

4 

3 

■■4 

4 

4 

4 

4 

4 

4 

4 

Gopher 

2027 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Kareela 

2774 

4 

4 

4 

4 

4 

4 ■ 

4. 

4 

4 




Ruakura 

2025 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Sterisel 

2891 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Swedish Select 

134 

4 

4 

4 

4 

4 

4, 

4 

4 

4 

4 



Victoria 

2401 

4 

4 

4 

4 

4. 

4 

4 

4 

4 

4 

4 

4 

Victory 

1145 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


’'‘Race 10 A shows a resistant (1) reaction on group 5 instead of the mesothotic reaction. 

1 — Resistant (minute uredia surrounded by solid necrotic areas). 2 — Moderately resistant (uredia 
small with hypersensitive areas around them). 3 — Moderately susceptible (medium-size uredia with 
alight chlorosis but no necrosis). 4 — Extremely susceptible (large confluent uredia). x — Mcsothetic 
(infection and iiredial size heterogenous and undefined). 1 and 2 — Resistant to practically resistant, 
3 and 4 — Susceptible. 
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The table of smut-free varieties and selections given under the black 
loose smut (page 117) indicates the wide range of selections resistant to 
both species. In additioUj some of the newer oat varieties are reported 
by Holton and Rodenhiser (1946) as highly resistant to black loose smut 
and free from covered smut, notably Marida (G.I. 2571) (Markton X 
Idamine), Sac (G.I, 3907) (D69 X Bond), Bannock X Victoria-Rich- 
land SeL (G J. 4181), and D69 X Bond Sel. (G.I. 4532) ; whereas a number 
of the newer varieties showed a low percentage of smut produced by 
rice 7 of Ustilago kolleri. 

14. Stem Rust, Puccinia Eriks, and Henn — Stem 

rust occurs on some varieties of all Avena spp. and on many related grasses. 
The disease is world wide in its distribution on oats, and it reduces the 
forage value and yield of grain. Stem rust resistant varieties are reducing 
the importance of this disease on oats. According to Stakman and Loe- 
gering (1944), physiologic races 8 and 10 of the fungus are a potential 
danger to the many rust-resistant varieties originating from the Victoria 
X Richland cross. 

The red rust stage of the disease is conspicuous on the leaves and culms. 
In the northern spring-oat area, the disease occurs relatively late on most 
oat varieties. The black rust stage is apparent late in the season on the 
leaf sheaths and culms. See Ghap. XI, Stem Rust of wheat, for the de- 
tailed discussion of the disease. 

Specialization and Resistance.— Specialization occurs within the phy- 
siologic variety Puccinia graminis avenae. As reported by Levine and 
Smith (1937), Newton et aL (1940), and Stakman et al. (1935), 12 physio- 
logic races are differentiated on three groups of oat varieties. Fischer 
and Glaassen (1944) reported race 14 obtained from Poa ampla Merr. A 
modification of the tabulations by Levine and Smith (1937) and Newton 
et al (1940) is given on page 120. 

Three varieties in group 1 (Anthony, Minn. 742, and Minrus), two 
varieties in group 4 (Rainbow and Richland) , and two varieties in group 6 
(Gopher and Victoria) give the same reaction in the seedling and adult 
plant stage. The group 5 varieties are influenced in their reaction by 
light and temperature, as has been shown by Gordon (1933). The 
varieties in groups 1, 4, and 5 are used for differentiating the physiologic 
races on oats. The reaction of the 0 to 4 types is discussed in Ghap. XI. 

No variety of oats known is resistant to all physiologic races of the stem 
rust parasite. Selections from Hajira (G.I. 1001) X Joanette (G.I. 2660) 
combine resistance or moderate resistance to all known races, as reported 
by Welsh (1937). According to Murphy et al. (1942) and Newton et al. 
(1940), Richland (G.I. 787) and logold (G.I. 2329) are resistant to the 
more common races in North America. Rainbow (G.I. 2345), Hajira 
(G.I. 1001), and Rusota (G.I. 2343) are similar in reaction to stem rust. 
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■Crown rust reaction of oat varieties under field conditions. (A) Sixty day, 
■edia and telia, (B) Vicland, necrosis and minute uredia, and (C) Bond absence 
-nd uredia with common races of parasite. 
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The varieties in group 1 (see table above) are moderately resistant, and 
the selections in groups 2 and 3 are resistant to races 8 and 10 discussed 
by Stakman and Loegering (1944), Resfet^^^ rust in oats is 

dominant and inherited on a single-factor basis in most crosses studied, 
as summarized by Smith (1934) . * 

15. Crown Rust, Pucanm corona^a (Pers.) Cda.— The crown rust or 
leaf rust occurs on most species of Avena and many related grasses. The 
aecial stage occurs more commonly on Rhamnus cathartica L. and R, 
lanceolaia Pursh., according to Melhus e^ aL (1922) and Tranzschel (1934). 
The distribution of the rust is world-wide in temperate humid and semi- 
humid areas. The disease causes heavy losses, that are probably larger 
than those from stem rust in most oat-growing areas. 

Description Effects. — -All stages of this heteroecious long-cycle 

rust are common symptoms in the temperate zones. The aecial infec- 
tions on the Rhamnus spp. are common and conspicuous, the orange- 
yellow elevated lesions occurring on leaves, young stems, and fruits. The 
uredia develop on the leaves and floral structures of oats and grasses. 
The uredia are round to oblong but soon spread and coalesce to form ir- 
regular orange-yellow patterns. The epidermis of the suscept is not 
turned back as in the stem rust uredia. The telia frequently form a dark 
border around the uredia and develop independently, especially on the 
leaf sheath in linear dark-brown spots covered by the epidermis of the 
suscept (Fig. 33). Oats heavily infected with crown rust lodge badly 
and ripen prematurely. 

The Fungus. — Puccinia coronata (Pers.) Cda. 

{Puccinia coronifera Eriks.) 

(Puccinia lolii Niel.) 

(Puccinia coronifera Kleb.) 

The aecial stage consists of the raised pycnia (spermatia) with exudate usually on 
the upper surface of the leaf and the aecia with large peridia on the lower surface (Fig. 34). 
The aeciospores are subglobose, finely verrucose, and light orange-yellow. The uredio- 
spores are globose or ovate, markedly echinulate, have three to four germ pores located 
irregularly, and are orange-yellow in color. The telia are covered by the epidermis 
except when forming directly in the uredia. The teliospores are constricted slightly 
at the septum, the apex is thickened with several blunt processes forming a crown-like 
apex, the pedicels are short and thickened, the color is dark brown (Fig. 34). 

Etiology. — In the major spring-oat areas, the aecial host plays an im- 
portant role in the cycle of development of the fungus. Heavy aecial in- 
fection occurs in the early spring usually when the spring-sown oats are 
in the late seedling or early tillering stage of development. Aeciospore 
spread to the oats and grasses occurs early. The development of the 
uredial stage from primary infections from these wind-borne spores is 
scattered considerable distances from the Rhamnus. In agricultural 
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ir. forms of Pucdnia coronata. The aecium on Bhamnus cathartica show- 

urediospores (c) and teliospores (b) are produced 
in the medium (C) and telium (i?) shown in transections of the oat leaf. 
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areas where the Rhamnus is used as a hedge plant, as occurred some years 
ago in Rock County, Wisconsin, the early spread of crown rust to the oat 
plants is general. The uredial stage develops rapidly, and secondary in- 
fections from urediospores occur whenever weather is favorable. Telia 
develop later as the oats and grasses mature. The teliospores overwinter 
on the old leaves and germinate to form the sporidia that infect the Rham- 
spp. the following spring. Allen (1932) and Buller (1941) studied the 
cytology and sexual fusion of the aecial stage. Murphy (1935) investi- 
gated physiologic races from Rhamnus spp. inoculations. In the southern 
oat areas, the uredial stage develops continuously on the oats and grasses. 
Northern spread of the urediospores occurs from these southern sections. 
The spring infection from this source of inoculum is usually much later in 
the season than where the aecial infection occurs. Extensive investi- 
gations on the overwintering of the uredial stage in the northern spring- 
oat area of North America and Europe indicate the rarity of its occur- 
rence. 

Control. — Eradication of the Rhamnus is practiced in some sections. 
Some states combine Rhamnus and Berberis eradication. Rhamnus 
hedges around fields are generally removed by farmers when they realize 
the connection between the Rhamnus and the crown rust in their oat 
fields. Rust-resistant varieties are rapidly replacing the older suscepti- 
ble varieties. 

Specialization and Resistance. — Specialized races of Puccinia coronata 
are numerous. According to Murphy et ah (1942), 51 races are known to 
occur in North America. Straib (1937) using 15 varieties, differentiated 
142 races in Europe, whereas, Vallega (1942) using the 13 standard varie- 
ties described 4 races from Argentina where the rust persists largely in 
the uredial stage. The races in North and South America and the oat 
varieties upon which they are differentiated are given in the following 
table. The types of reaction of the different varieties to the uredial 
stage of P. coronata are shown in (Fig. 33). 

Crown rust resistant parental material is available for oat breeding. 
According to Murphy et al. (1942), Bond (C. I. 2733) is resistant to 48 
of the known races in North America and Victoria (C.L 2401) to 47. 
One or the other of these two introduced varieties is involved in most 
of the smut- and rust-resistant varieties distributed during the past few 
years, notably Boone (C.I. 3305), Tama (C.I. 3502), Vicland (C.I. 3611), 
and several others from the Victoria X Richland and more recent selec- 
tions from Bond hybrids. These new varieties are making Murphy^s 
(1942) regression of yield on coefficient of crown rust a reality in the spring- 
oat area of the United States. Other varieties and selections are being 
used also in various recombinations. 
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The Reaction in the Seedeino' Stage of 13 Varieties op Oats:.to the Uredial 
Stage op 56 Physiologic Races of Puccinia coronata from 
North and South America 


Reaction of differential varieties to races of F. coronaia 


A. saliva 
orientalis 


A. byzantina 


Avem saliva 


Physio- 
logic 
race no. 
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The Reaction in the Seedling Stage of 13 Vaeieties of Oats to the Uredial 
t Stage OF 56 Physiologic Rages oy Puccinia coromta from 

North and South America {Continued) 


Reaction of differential varieties to races of P, coronata 


Physio- 
logic 
race no. 

Avena sativa 

A, sativa 
orientalis 

A, byzantina 

A, 

stri- 

gosa 

Ruakura (C.I. 2025) 

Green Russian (C.I. 2890) 

Hawkeye (C.I. 2264) 

Anthony (C.I. 2143) 

Sunrise (C.I. 982) 

Victoiia (C.I. 2401) 

Green Mountain (C.I. 1892) 

White Tartar (C.I. 551) 

Appier (C.I. 1815) 

Sterisel (C.I. 2991) 

Belar (C.I. 2760) 

Bond (C.I. 2733) 

Glabrota (C.I. 2630) 

31 

3 

3 

3 

X 

3 

1 

3 

X 

4 

4 

4 

0 

0 

32 

4 

X 

4 

X 

X 

1 

X 

X 

1 ' 

2 

X 

0 

0 

33 

4 

0 

3 

3 

4 

0 

3 

3 

4 

3 

X 

4 

1 

34 

4 

0 

0 

0 

4 

0 

0 

0 

4 

4 

4 

4 

0 

35 

3 

0 

3 

3 

2 

0 

4 

4 

2 

0 

1 

0 

1 ^ 

36 

3 

3 

4 

3 

0 

0 

4 

3 

0 

0 

X 

0 

4 

.37 ' ‘ 

4 

3 

2 

2 

3 

0 

2 

2 

4 

0 

4 

0 

0 

38 

0 

0 

4 

0 

0 


0 

0 

0 

0 

0 


4 

39 

0 

0 

4 

0 

0 


0 

0 

0 

0 

4 


0 

40 

4 

4 

0 

0 

4 

1 

4 

0 

4 

4 

4 

0 

0 

41 

1 

2 

4 

4 

4 

3 

4 

4 

3 

3 

4 

0 

0 

42 

0 

3 

3 

3 

0 


4 

4 

1 

0 

3 


4 

43 

3 

3 

4 

3 

3 


4 

4 

3 

4 

0 

1 

0 

44 

0 

1 

4 

0 

0 


1 

3-4 

0 

1 

1 

2 

4 

45 

4 

4 

3 

3 

4 

2 

3 

3 

4 

4 

4 

4 

0 

46 

3 

0 

0 

0 

4 

0 

0 

0 

3 

3 

3 

0 

0 

47 

1 

4 

0 

1 

4 

2 

0 

1 

4 

4 

4 

0 

0 

48 

2 

3 

2 

2 

3 

2 

3 

2 

4 

4 

4 

0 

0 

49 

1 

4 

1 

2 

3 

0 

4 

4 

4 

4 

3 

0 

0 

50 

2 

2 

1 

2 

4 

3 

2 

4 

4 

4 

4 

0 

0 

51 

0 

4 

. 4 

4 

4 

0 

4 

4 

0 

2 

2 

0 

0 

52 

2 

4 

0 

0 

3 

3 

3 

3 

4 

4 

4 

0 

0 

53 

3 

2 

4 

0 

4 

3 

1 

3 

4 

4 

4 

0 

0 

54 

0 

0 

0 

0 

■4 

0 

0 

0 

4 

4 

3 

0 

4 

55* 

1 

3 

4 

4 

4 

4 

4 

4 

3 

3 

4 

4 

0 

56* 

3 

4 

4 

4 

3 

4 

4 

3 

4 

3 

3 

0 

0 


*Valiega, J. from Argentina, two additional races (1 and 45) are reported from Argentina. 
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The Victoria variety and the majority of the varieties selected from 
hybrids in v'hich it was involved are susceptible to the Helminthosporium 
blight caused by H. victoriae (see p. 113). There is apparently a close 
association or linkage in the Victoria variety between the factors for re- 
sistance to crown rust and susceptibility to this Helminthosporium blight. 
Evidence indicates, however, that some few hybrid selections involving 
this variety in the cross are resistant to the blight. The recent damage 
in some locations caused by this disease on oat varieties derived from 
crosses with Victoria has directed attention to other sources of crown rust 
resistance, notably Bond- However, Bond is susceptible to physiologic 
races 33, 34, and 45 of Puccinia coronata. These races are distributed 
sparsely at present, chiefly in the Southern United States’ winter-oat 
area. Race 45 of Puccinia coronata is also found in Argentina. More 
recently, race 45 has increased in prevalence and damage in the north- 
central portion of the winter-oat areab In this area, Bond and its deriv- 
atives are damaged also by the anthracnose disease. Ukraine (C.L 
3259), a variety of Avena saliva introduced from Russia by the author is 
resistant to races 33, 34, 45 and equally resistant to form 41, the only 
form found at present to which Victoria is susceptible^ This variety is 
only moderately resistant to a biotype of physiologic race 1 of Puccinia 
coronata, Ukraine is being used as a further source of crown rust re- 
sistance. 

The following table taken from Murphy et al, (1942) summarizes the 
more important varieties used in breeding oats for disease resistance. 


The More Important Oat Varieties Used in Breeding for Disease Resistance 


Smuts 

Crown rust 

'Stem. rust. 


Relative 


Relative 


Relative 

Variety 

resistance 

Variety 

resistance 

Variety 

resistance 

Victoria 


Bond ...... . 

4.4.4. 

Richland . . . 

4.4.4. 

Markton 


Victoria. . . . 

■4.4.4- i 

logold 

4. -1-4. 

Navarro 

4"4” 4” 

Rainbow . . . 

4- 

Rainbow. . . 

4.4.4. 

Bond 


Alber . ..... 

4. 

WhiteTartar 

4.4. 

Black Mesdag. . 

4-+ 

Capa. ..... . 

4. 

Jostrain .... 

■■ ■ ■■ . :1 

+ 


4” + + + liigWy resistant to all known races. 

+ “f + highly resistant to all races tested or except to certain rare races. 

4- + adequate resistance nnder most field conditions. 

4- moderately resistant. 

^ Rosen, H. R., Phytopath. 35:143-144, 1945, and more recent information given the 
author. 

2 Murphy, H. C., Iowa Agr. Exp. Sia. Rpt. 1936, part 1, 98-99. 
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CHAPTER VII 

RICE DISEASES 

The cultivated rice varieties belong to the one species Oryza salwa lj. 
The rice plant is a warm-climate annual with both spring and intermediate 
to winter types of growth response, or more correctly expressed in the 
case of rice, long- and short-day photoperiodic response are represented. 
The crop is grown without irrigation (upland) and with irrigation (low- 
land). The major commercial crop is grown under irrigation or where 
the plants are grown in water the greater part of the growing season. The 
basic chromosome number in the cultivated rice varieties and most wild 
varieties of this species is 12 pairs. Multiples of this basic number occur 
in the wild Oryza spp. According to Jones (1936), haploid, triploid, and 
tetraploid rice plants occur. 

The rice plant is adapted to relatively warm climates. Jones (1936) 
gives a mean temperature of 70 °F. or above during the entire growing 
season as essential for successful rice culture. The physiological anatomy 
of the plant is similar to the other Grarnineae. The high silicon content 
of the cell membranes especially of leaf and floral bracts is notable for 
rice and closely related species. Attempts have been made to correlate 
silicon content with disease resistance in some instances. The anatomy 
of the leaf is different than many of the grasses, as discussed by Tullis 
(1935). Long-, medium-, and short-grain types are represented in the 
commercial varieties. 

Diseases are important in the economical production of rice. Seedling 
blight and culm rot maladies are of major importance. Estimated aver- 
age annual losses from rice diseases in the United States are not tabulated. 
The total reduction in yield and quality is probably less than in the other 
cereal crops. Losses in the more intensive rice areas of the Pacific are 
frequently higher than those in the United States. 

1. Nonparasitic . — Straighthead of rice is prevalent in certain sections 
of the United States. The disease apparently occurs on new rice land or 
on soils where large amounts of organic material are plowed under. Tis- 
dale (1921) reported it as one of the most destructive diseases of irrigated 
rice in the Southern United States. According to Tullis (1940) more 
recently, the occurrence of the trouble is limited and practical control is 
practiced. The leaves are dark green and stiff. Frequently one or both 
glumes are absent and the grain does not fill. Large roots, without 
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branches and root hairs, develop rather than the fine well-branched fib- 
rous root system. The plants remain green with erect pa nicies as the crop 
matures. The disease is prevented under most conditions by draining 
off the irrigation water after 6 weeks and allowing the soil to dry thor- 
oughly, after which the water is applied and left on for tlie remainder of 
the season. Proper crop rotation and avoidance of excessive amounts of 
raw organic material turned into the soil, constitute the ])est means of 
preventing soil conditions conducive to straighthead. 

White due partly to soil mineral deficiencies (Martin and Allstatt, 
1940, and Tullis, 1940), is prevalent in many rice areas of the United 
States. The white tip or upper half of the leaf blade and distortion of 
the panicle by the tightly clasping leaf sheath with some sterility are the 
important symptoms. Practical control of the disease is difficult and 
requires crop rotation as well as the use of balanced hirtilizers. 

2. Dwarf, or Stunt, Insect-transmitted Virus. — The stunt disease of 
rice occurs only in the Japanese Islands and eastern Asia insofar as present 
distribution is recorded. The disease is important historically both froiD 
the early records of damage and the first recorded insect transmission of 
a virus. As summarized by Fukushi (1934, 1940) and Katsura (1936), 
the insect-transmission studies on dwarf started by Takami in 1883 and 
reported from 1895 to 1908 antedated the report of Ball in 1905 on the 
insect transmission of the virus causing curly top of beets. 

Description and Effect. — The dwarf disease of rice is a streak and 
rosette combination of symptoms. The plants are dwarfed, tillering ex- 
cessively, leaves and stunted panicles are erect and late, and leaves are 
" streaked. The leaves frequently show white specks along the veins. 
These develop into narrow interrupted to continuous light-yellow streaks 
on a dark-green leaf background. Intracellular bodies are present in the 
cells of the chlorotic tissues and in the cells of crown and roots. Accord- 
ing to Fukushi (1934, 1940), Panimm miliaceum L., Echinochloa crusgalli 
var. edulis Hon., Alopecurus fulvus L., and Poa pratensis L. are subject 
to attack but not extensively diseased. Rye, wheat, and oats are slightly 
susceptible. 

The insect vector is the rice leaf hopper, Nephotettix apicalis var. cincH- 
ceps (Uhl). Fukushi (1933, 1935, 1937, 1939) has studied the insect and 
virus relationship in great detail. Control is accomplished in part by 
destruction of the leaf hopper. The insects overwinter on Astragalus 
sinicus L., which is common as a winter crop and weed in the rice areas. 

Kuribayashi (1931) described a stripe virus on rice that is characterized 
by yellowish stripes on the leaf and some stunting of the plant. The virus 
is transmitted by another leaf hopper, Delphacodes striatellus (Fall.). 

3. Bacterial Kernel Rot, Pseudomonas itoana Toch. — Tochinai (1932) 
described a black kernel rot of the rice grain similar to the black chaff of 
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wheat. The disease is distributed sparsely ia the Japanese Islands. He 
described the short rod-shaped bacterium with polar flagella as Pseudo- 
monas itoana Tooh., 

4. Fusaritim and Gibberella Blight or “Bakanae Disease’*, Gibberella 

fujikuroi (Bslw,) Wt. and (?. zeae (Schw.) Fetch [G. (Mont.) 

Sacc.].— nice in the more humid Asiatic regions is damaged by this group 
of fungi. Seedling blight and kernel blight are reported by Seto (1935), 
including a good summary of the literature. The disease on rice is similar 
in general symptoms and etiology to the disease on the other cereal crops 
Certain cultures, notably of Gibberella fujikuroi, stimulate internodai and 
root elongation. Extracts of these fungus cultures produce the same 
effect not only on rice, but also on many other species of the Gramineae. 
The Japanese investigators have studied this phase of the problem ex- 
tensively. . 

Tiillis (1936, 1940) reported the isolation of Fusarium from pink and 
yellow discolored rice kernels and from those with a chalky endosperm 
from the humid rice-producing areas in the United States. Fusarium 
species ranked second in frequency of occurrence in the discolored grain. 
Germination and vigor of seedling development is reduced in the dis- 
colored kernels according to Tisdale (1922). 

Although the Gibberella blight on corn, wheat, and barley has been 
studied extensively in the United States, the disease on rice has received 
little attention. Probably Gibberella fujikuroi occurs commonly on this 
crop in the humid rice sections of the United States as is the case in 
Asiatic rice areas. 

5. False Smut, Ustilaginoidea virens (Cke.) Tak The sclerotia occur, 
replacing the flowers similar to ergot. Usually only a few flowers are 
infected in a panicle, and the sclerotia are large enough to be removed in 
cleaning the threshed rice. According to Butler (1918) and Fulton (1908), 
the disease is widely distributed but of little economic importance. 

The Fungus. — Ustilaginoidea virens {Cke.) Tak, 

[ U stilaginoideabryzae {Psit.) ’BreL] 


According to Brefeld (1895), this parasite as well &b Ustilaginoidea setariae Bref. on 
Setaria are related closely to Claviceps. Gauman and Dodge (1928) state that the 
genus, based on Ustilaginoidea setariae^ differs from Claviceps chiefly in the imperfect 
forms. The conidia are borne over the surface of the pseudomorphs replacing the ovary. 
The conidia are spherical, echinulate, and 4 to 6 microns in diameter. They germinate 
to form secondary spores. The sclerotia, protruding from the floral bracts, are spherical, 
5 to 8 mm. in diameter, and olive green in color due to the layer of conidia. Germination 
of the sclerotia of U, virens is undescribed. 

The etiology is indefinite. The scattered sclerotia in individual flowers 
indicates a cycle similar to that of Claviceps purpurea. 

6. Culm Rot, Leptosphaeria salvinii Catt.— The culm rot is an impor- 
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tant disease in most rice-producing sections of the world. The. disease 
causes lodging and lightweight grain. The lesions, on the leaf sheath 
near the water line, appear first, a month to 6 weeks before the plants 
head. The black discolored areas spread around the culm and inward 


Fiq. 35. — Culm rot of rice caused by Leptosphaeria salmnii showing the lesion on the culm 
(A) and the sclerotia on the old straw (B ) . The perithecium (a) , the ascus and eight ascoapores 
(6), and conidia (c) are shown in the inserts, (Courtesy of E. C, TuUis,) 


into the culm tissue. Numerous black sclerotia develop inside the leaf 
sheath and later in the culm. The fungus mycelium forms dark threads 
on the epidermis of the culm. The lesion extends in dark-brown streaks 
above the older black necrotic area. As the panicles fill, the stalks break 
over in the necrotic area and early infection results in poorly filled grain. 
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Butler (1913) reported excessive late tillers as a symptom. Tullis (1933) 
indicated that excessive tillering is not associated with the disease in 
the United States. The characteristic symptoms are shown in (Fig. 35). 

The Fu-ngns—Leptosphaeria salvinii Catt. 

(ScZeroHum orpae Catt.). Sclerotial stage 
( H elminthosporium sigmoideum Cav.) . Coni dial stage 
(Helminthosporium sigmoideum var. microsvhaeroidesi 
Nakata) 

The mycelium is wliite inside the tissues and olivaceous on the surface of the tissues 
with numerous olivaceous irregular appresoria. The spherical sclerotia are black, 
nearly smooth, and mostly 230 to 270 microns in diameter. Conidiophores are dark, 
septate, simple or sparsely branched. The conidia are borne singly on a sharp-pointed 
sterigmata. Conidia are fusiform, slightly curved, typically 3-septate. The two 
intercalary cells are dark brown; apical cells are lime green. Germination of the apical 
cells is characteristic. Perithecia are dark, globose, imbedded in the outer tissues of 
the sheath, with a short beak flush with the epidermis of the sheath, and average 381 
microns in diameter. Asci are narrowly clavate, short stalked, with delicate wall. 
Ascospores are arranged biseriatly, fusiform, 3-septate with the center septum con- 
stricted when mature, brown with two end cells lighter brown, mostly 44 to 48 microns 
long by 8 microns wide (Fig. 35). 

Etiology. — The sclerotial stage occurs commonly on rice and certain 
wild grasses. This stage has been described from most rice-growing sec- 
tions. The conidial stage is usually associated with the sclerotial stage, 
but it is known to occur in fewer areas. The ascigerous stage is less com- 
mon and is reported from fewer locations than the sclerotial stage. The 
fungus persists in the sclerotial stage and develops mycelium and conidia 
from these structures. Primary infections are commonly from the 
sclerotia. 

Control. — According to Tullis (1940) the most satisfactory control is 
to drain the water from infected fields before the infections reach the rice 
culm. Only enough water is added, after draining to maturity, to keep 
the soil saturated. This control measure results in a slight reduction in 
yield of healthy fields, but it prevents lodging in heavily infected fields. 
No highly resistant commercial varieties are available. Cralley (1936) 
and Tullis and Cralley (1933) noted the difference in susceptibility of 
varieties and that the Japanese short-grained varieties are more resistant 
than the long-grained types. According to Cralley (1939), a complete 
fertilizer containing some excess of potassium increased yields without 
increasing stem rot. According to Cralley and Tullis (1935), a similar 
culm rot is caused by Helminthosporium sigmoideum var, irregulare Cral- 
ley and Tullis. The disease is not so severe as in the former. The sclero- 
tia are numerous and irregular in shape and size and smaller than those 
of Leptosphaeria salvinii. The conidia are similar in both, except that 
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those of the variety, ff. sigmoideum irregulare commonly germinate be- 
fore maturity. No perfect stage of this latter fungus is described. 


Fig. 36.-Leaf and kernel lesions and seedling blight on rice caused by Cochhioholua miya- 
oeanm {Helminthosporium oryzae), 

■ Ophiobolus oryzinus Sacc. — Tullis ( 1933 ) has re- 

viewed t e iterature on the several species of Ovhiobolus renorted on rinft. 
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Certain of these more common on wheat and other cereals are discussed 
in Chap. XL Miyake (1910) described Ophioholus oryzae Miyake, which 
appareiftly is different morphologically from O. oryzinus and Cochlioholus 
(0.) miyaheanus Ito and Kuribay. The latter was described by Ito and 
Kuribayashi (1927) as the ascigerous stage of Helminthosporium oryzae 
Breda de Haan. 

The black sheath rot is of minor importance, as the culm tissues are 
rarely invaded. The disease appears as a black rotted lesion on the 
sheath tissues near the water line. The fungus perithecia are formed on 
rice straw and stubble and on the sheaths of Typha latifolia L.j the com- 
mon cattail. 

8, Helminthosporium Blight, Cochlioholus (Ophioholus) miyaheanus Ito 
and Kuribay. ( Helminthosporium oryzae Breda de Haan) . — The disease 
is apparently world wide in distribution on rice. Damage is frequently 
severe. Losses in stand due to seedling blight, in yield due to leaf and 
culm infection, and in quality and yield by kernel infection are frequently 
high. 

Description and Effect. — The seedling blight is similar in appearance 
to that caused by Helminthosporium on wheat and barley. The 

brown cortical lesions appear on the coleoptile, subcrown internode, and 
seminal roots. Seedling blight occurs before or after emergence. Brown 
leaf spots and leaf-sheath lesions develop on the less severely infected 
seedlings. Circular to elongate brown leaf spots are first small without 
marked water-soaking and later spread with reddish-brown margins and 
gray centers (Fig. 36). On severely infected plants the leaves dry out 
before the plants are mature. Conidiophores and conidia develop on the 
lesions. Lesions on the culm, below the panicle or at the base of the 
panicle, are common when weather conditions are favorable. The brown 
necrotic areas result in shriveled kernels and broken panicles. Blighted 
kernels result from early flower infections. Small brown lesions on the 
floral bracts^ and pericarp cause discoloration of the milled rice. 

The Fungus. — Cochlioholus (Ophioholus) miyaheanus Ito and Kuribay. 

(Helminthosporium oryzae Breda de Haan). Conidial 
stage 

( Helminthosporium macrocarpum Thuem) 

(Helminthosporium oryzae Miy. and Hori) 

Ito and Kuribayashi (1927) described the ascigerous stage produced in culture from 
single conidia and named it Ophioholus miyaheanus Ito and Kuribay. They state 
(1931) that perithecia were secured only in culture and have not been collected in the 
field. Tullis has collected the perfect stage under field conditions in the United States. 

The mycelium forms grayish-brown to dark-brown mycelial mats in and on the plant 
parts and in culture. The conidiophores form in mats or singly and are light brown to 
olivaceous and vary greatly in both width and length. The conidia are brown, slightly 
curved, tapering toward the round apex and toward the base, and vary greatly in shape 
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and septation. The peripheral wall is moderately thin, and the hilum 
Spores germinate characteristically from the two apical cells. Perithe 


ied ascospores (b), and conidia (c) of CochUoholus miya- 
Bvonum oryzae), highly magnified. 

ik, and form an ostiolar beak. Asci are cylindrical 
i contain mostly four to six ascospores. Ascopores 
in the ascus (Fig, 37). Helminthesporium sativum 
Jes a seedling blight on rice. 
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Etiology.— The conidia and mycelium are common on crop residue. 
The fungus persists over unfavorable periods in both the conidial and 
mycelial phases. Primary infection is from one or the other of these 
sources. Ocdemia (1924), Nishika^^ (1923), and Wei and Lin (1936)V have 
studied the influence of temperature and moisture on seedling blight and 
conidial tnorphology. Seedling blight is more prevalent in the cooler 
soils. Lesions on the aerial parts develop rapidly at the higher tem- 
peratures and moistures. Ocfemia (1924) and Nishikado (1927) have 
reported on the regional variation in the fungus. Tochinai and Sakamoto 
(1937) found specialization in pathogenicity and differences in physiology 
and morphology. 

Control.— Control by sanitation and crop rotation is unsatisfactory, 
as the fungus develops abundantly on crop residue. Seed treatment with 
mercury or copper compounds will help reduce seedling blight, but it is 
not effective alone in the control of the disease. Resistant varieties offer 
the best means of control Wei and Lin (1936) reported that all Chinese 
rice varieties tested were infected, although there was a difference in 
relative susceptibility. Several Japanese varieties are moderately re- 
sistant, according to Adair (1941) who has used the resistant variety, 
Mubo Aikoku, and others in breeding for resistance. He reported that 
resistance is governed by at least two factor pairs and that suscept reaction 
is similar in the seedling and mature plant. Tullis (1935) studied the 
leaf invasion by Helminthosporium oryzae in moderately resistant and 
susceptible strains of rice. The physiological response of the cells, the 
relation of large intercellular spaces in the mesophyll, and the sclere- 
nchyma in the bundle sheath determine the type of fungus infection and 
spread in the leaf tissue. Leaf structure plays an important role in 
preventing excessive leaf necrosis and large lesions. Martin and Alstatt 
(1940) found both H, oryzae and the small-spored (Helminthosporium) 
Curvularia lunata (Wakk.) Boed., associated with the black kernels. 

9. Blast, Piricularia oryzae Cav. — The disease is serious in most of the 
humid rice-producing areas of the world. Rice grown under irrigation in 
the areas of low relative humidity, as in California, is not damaged by 
blast. Abe (1933) and Hemmi and Imura (1939) demonstrated that 
conidia are not produced below 88 per cent relative humidity. 

Description and Effect. — The disease occurs on the leaves, culms, 
branches of the panicle, and the floral structures. Rotten neck, i.e., 
lesions on the neck of the culm and on the panicle branches near the base 
of the panicle, is the most conspicuous symptom. Rotten neck also 
causes the greatest damage, as the lesions prevent kernel filling. The 
dark-brown lesions on the culms and branches of the panicles are in- 
dicative of severe necrosis of the tissues. The panicle or panicle branches 
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break over at the lesioned area. Brown lesions at the crown and nodes 
also occur. The leaf spots on young leaves are linear and on older leaves 
they are small and circular. The leaf spots caused by this fungus are 
somewhat similar in appearance to Helrninthosporium leaf spots. The 
difference in conidiophores and conidia differentiate the two diseases. 
Leaf lesions occur on the seedlings and as the plants approach maturity. 
Severe infections result in the leaves and sheaths, drying out and brown- 
ing. The coalescing of lesions' at the base of the leaf blade is a charac- 
teristic symptom of blast. Small circular brown lesions occur on the 
kernels. 

The Fungus . — Piricularia oryzae Cm, 

[Piricularia grisea (Cke.) Smc,] 

The conidiophores are simple, rarely branched, grayish, septate, and slender. Conidia 
are borne terminally. They are nvate, 2-septate when mature, the apex is pointed to 
blunt depending upon race, according to Tochinai and Shimamura (1932). 

Etiology. — The fungus develops on rice, and a form morphologically 
similar occurs on the crab grass Digitaria sanguinalis (L.) Scop. Ap- 
parently the two are distinct races; therefore, the grass does not function 
as a source of inoculum for rice. Infection occurs from conidia whenever 
conditions are favorable, as the fungus mycelium and conidia are present 
on crop residues. Terui (1940) described the formation of conidia on 
the surface and in internal cavities of the leaves and culms. Spore 
germination, infection, and conidial production are dependent upon high 
relative humidity. The physiological condition of the rice plant is 
associated with disease development, according to Abe (1936), Hemmi 
(1933), Sakamoto (1940), and others. Specialization of the fungus is 
summarized by Aoki (1935) and Inoue (1939). The latter found a high 
correlation between cellulose decomposition in culture and pathogenicity. 

Control. — Injury from early infections is reduced by flooding as soon 
as leaf spots appear, according to Tullis (1940). Hemmi (1933) and 
others report that maintaining the irrigation water helps reduce disease 
damage as the crop matures. Proper balance of fertilizers, avoiding 
excess nitrate supply, is desirable in controlling rotten neck damage. 
According to Nakatomi (1927), Ramiah and Ramaswami (1936), Suzuki 
(1937), and others moderately resistant varieties are available and re- 
sistance is associated with cell-wall composition and tissue anatomy. In 
the United States, the varieties Zenith, Rexoro, and Texas Patna are 
resistant to the disease. 

10. Cercospora Spot, ^Cercospora oryzae Miyake. — The disease is 
widely distributed with the rice crop, according to Tullis (1937). The 
narrow linear spots are reddish-brown to dark reddish-brown, depending 
upon the rice variety. On susceptible varieties, the lesion fades to a lighter 
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brown along the margins, and it is light gray brown in the older center. 
On the more resistant varieties, the lesions are smaller and uniform in 
color. The lesions are generally more abundant on the leaves, although 


Fig. 38. — Leai spot of rice caused by Cercospora oryzae, showing resistant reaction and 

susceptible. 


spots on the sheath, culm, and floral bracts are present in heavy infections. 
Spots on the floral bracts spread laterally to form oblong lesions. (Fig. 38) . 
The Fungus . — Cercospora oryzae Miyake 

The brown conidiophores emerge from the stomata singly or two to three and range 
from 88-140 microns long by 4-5 microns thick. The conidia are cylindrical to 
tapering toward the apex and vary in length and septation; septation is 3 to 10, length 
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20-60 microns by 5 microns wide, as reported in the original description by Miyake 
( 1910 ). 

■ * . ■ ■ ' 

According to Adair (1941), Jodon (1944), and Tullis (1937), a number 
of varieties and selections are resistant to the disease. The inheritance 
of resistance is due to several factors, according to Adair (1941) and 
Ryker and Jodon (1940). 

At present six races of the parasite have been identified based on the 
reaction of six rice varieties, as shown in the following ^ 


Leaf spot reaction on: 


Physiologic 

race 

Blue 

Hose 

(C.L 1962) 

Blue 

Rose 

41 

Calora 
(C.I. 1561) 

Forluna 
(C.L 1344) 

Red 

Rico 

Rexoro 
KC.I. 1779) 

1 

S 

R 

S 

R 

i ■ ' R 

R 

2 

MK 

S 

R 

R 

i . R 

R 

3 

R 

R 

1 S 

■. R 

R. 

R 

4 

R 

R 

R 

S 

R 

R 

5 

R 

R 

R 

R 

s ■ I 

R 

6 

R 

R 

R 

R 

R 

S ' 


11. Sheath and Culm Blight, Rhizoctonia Spp. — The Rhizoctonia 
sheath blight occurs on many crop plants in addition to rice. The 
symptoms vary somewhat on the cereals and grasses. On rice, the 
lesions are large, irregular, elliptical with reddish-brown margin, straw 
color, and light ochre-yellow or greenish-yellow center (Fig. 39). The 
lesions occur more commonly just below the ligule. The lesions on 
the culms are smaller than those on the sheath tissues. Ryker and Gooch 
(1938) reported that culms are not infected. White or light-tan mycelial 
strands develop under moist conditions. Salmon or tan irregular-shaped 
sclerotia frequently develop on the surface mycelium and within the leaf 
sheath under and adjacent to the lesion. Seedlings ami mature plants 
are blighted under favorable conditions for disease development. 

The Fungi, — 1. Rhizoctonia oryzae Ryker and Gooch 

Main mycelial strands are 6 to 10 microns in width, branching at an acute angle, with 
a slight constriction at the point of branching and a septation a short distance from the 
point of constriction. Later, shortrcelled much-branched hypae emerge at right angles 
from the main branches; certain of these form thickened short hyphae. These anas- 
tomose, forming masses of sclerotial cells of various shape and size. The sclerotia are 
salmon colored. Sclerotial masses are not formed on rice plants. No basidial stage is 
found. 


Ryker and Gooch (1938) have reviewed the literature and discussed 





Fig. 39. Leaf and sheath spots on rice caused by Rhizoctonia oryzae. 


2. Pellicularia filamentosa (Pat.) Rogers or Corticium 
solani (Prill, and Del.) Bourd. and Galz. 
{Corticium vagum Berk, and Curt.) 

{Corticium vagum var. solani Burt.) 

{Hypochnus filamentosa Pat.) 

{Hypochnus solani Prill, and Del.) 

{Corticium solani Prill, and Del.) 

{Corticium botryosum Bresa.) 

{Rhizoctonia solani Kuehn) 
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This species occurs on rice and many other crop plants. The funj^us strains on rice 
in Asia and the Pacific Islands apparently produce largca* sclerotia than is given in the 
species description, as discussed by Matsumoto (1934), Palo (1926), Park and Bertus 
(1934), liyker and Gooch (1938), Wei (1934), and others. 

The mycelium and branching are similar to the former spe(*ie.s. Brown to black 
sclerotial structures form from intertwined anastomosed thic;k(m(;d <'ells rathcir than the 
separately branched filaments as in the above sp(?cies. The s(h*rotia are tan, brown, or 
black and irregular in shape and size. The hymenophore consists of a dark loose weft 
of hyphae, turning grayish white when sporiilating. The outer branches function as 
basidia and form two to six apical stcrigmata bearing ovate to ovate-oblong sporidia. 
The sporidia germinate to form the Rhizoctouia mycelium. Hog(U’s (1943) transferred 
the parasitic forms of Hypochnm filamentosa Pat., H. solaui Prill, and Del., Cortidum 
vagum Bert, and Curt., and C. solani Prill, and Del. to the genus Pellictdaria, 

Matsumoto (1934) compared Hypochnus sasakii Shirai with Corticimn 
vagum or probably C. solani. The hyphal ceils in the former are smaller 
in diameter, mostly 6 to 8 microns, than in the latter, mostly 8 to 12 
microns. The sclerotial cells near the periphery of the sclerotium show 
a corresponding difference in size. Hyphal fusions do not occur between 
the two fungi. The basidial stages of the two are similar. Growth of the 
mycelium on different media and temperatures differ in the two. He 
concludes, “It would be better to name our fungus Cortidum sasakii 
(Shira) T. Matsum. instead of Hypochnus sasakii until further alteration 
is needed.” 

Voorhees (1934) reported a stalk rot of corn caused by Rhizoctouia zeae 
Voorh. Ryker and Gooch (1938) reported this fungus on rice in 
Louisiana. 

Etiology. — The mycelium and sclerotia, where they are formed, persist 
on straw and stubble of rice and grasses. Infection occurs on the rice 
seedlings and plants when conditions are favorable. Thick stands of 
plants are conducive to infection. Proper balance of fertility is desirable 
to prevent excessive vegetative growth. The disease is of minor impor- 
tance in the United States. 

12. Kernel Smut, Neovossia horrida (Takahashi) Padwick and Azma- 
tullah Kahn. — The kernel smut of rice is distributed widely. The 
disease ordinarily causes little damage as few kernels in a panicle are 
smutted and the smutty grain can be removed in part by cleaning equip- 
ment, for when completely smutted they are lighter in weight than the 
healthy rice kernels. Anderson (1899) reported as high as 25 per cent 
smutted grains in rice fields in a limited area in South Carolina. Samples 
of threshed rice showed as high as 3.7 per cent smutty grains. These 
apparently were unusual cases. 

The smutted kernels are not conspicuous in the field or in the threshed 
grain unless the smutty grains are broken. The hulls of the smutted 
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kernels appear dull gray. The smut sorus is enclosed almost completely 
by the lemma and palea (Fig. 40). 

The Fungus,- Neovossia horrida (Takahashi) Padwick and Azmatullah 
■ 'Kahn 

(Tilletia horrida Takahashi) 

Anderson (1899) incorrectly reported this fungus as Tilletia corona Scribn. which 
occurs on several species of grasses. 

The sori replace the ovaries and are concealed by the floral bracts. Chlamydospores 


Fig. 40. — Kernel smut of rice (A) caused by Neovossia horrida and leaf smut (B) caused by 
Entyloma lineatum, with chlamydospores of the two fungi at same magnification. 


are subspherical to spherical, opaque, dark olive brown with blunt peg-like thickenings 
or coarse scales, hyaline or slightly tinted around the exterior, 22 to 33 microns in longest 
diameter. The spores germinate by the formation of basidia and apical whorls of non- 
fusing sporidia (Padwick and Azmatullah Kahn, 1944). 

The etiology is different from that of the Tilletia spp. on the cereals 
and grasses. Takahashi (1896) and Teng (1931) described the germi- 
nation after soaking in water. Tullis (1940) reported that the embryo 
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is not invaded and will germinate even when the entire endosperm is 
replaced by the spore mass. Floral infection by sporidia apparently 
accounts for the few scattered infections in the rice panicles. Varieties 
appear to differ in susceptibility and in the number of smutted kernels 
in-a panicle, ■ 

13. Leaf Smut, Entyloma lineatum (Cooke) J, J. Davis or E. oryzae 
Syd.— The disease occurs in many of the rice-growing sections on rice 
and wild rice, Zizania aquatica L. According to Tullis (1934), the smut 
is of minor importance in the United States. The small black spots on 
the leaves are scattered and angular to elongate, with the epidermis 
persisting over the spot. The chlamydospores are angular to globose, 
closely packed, smooth walled, light brown, and 8 to 10 microns in 
diameter (Fig. 40). The spores germinate, usually in place, to form a 
promycelium with apical sporidia. 
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CHAPTER VIII 
RYE DISEASES 

Cultivated rye, Secale cereale L., is chiefly a yvinter cereal growii 
extensively in Europe and Asia and on the lighter soils of North and 
South America. Spring varieties of rye occur; however, .their use is 
limited as the extreme winter hardiness of rye permits the growing of 
the higher yielding winter varieties under most conditions. Cultivated 
rye has the basic chromosome number of seven pairs. 

Rye is cross-pollinated and, therefore, heterozygous and relatively 
variable in the expression of characters. Inbreeding is possible, although 
progress in stabilizing a large number of characters is slow owing to 
general self-sterility. Self-fertile lines are obtainable, and considerable 
progress is possible in securing stable disease-resistant lines. Such lines 
are not in general use commercially in the production of hybrid rye seed, 
although their use is possible. 

Rye diseases, in general, are of less importance economically than in 
the other cereal crops. The average annual loss from 1930 to 1939 in 
the United States is reported at 1.8 per cent of the crop, or 497,000 bushels 
(Plant Disease Survey). 

1. Mosaic, Virus. — The mosaic on rye is found sparingly in the United 
States and in Asia. The virus is perhaps one of several that occurs on 
wheat (see wheat Mosaic, Chap. XI). 

2. Bacterial Blight, Xanthomonas translucens f.sp. secalis (Reddy, 
Godkin, A. G. Johnson) Hagb. — The disease occurs in North America and 
Australia, according to Noble (1935) and Reddy and Johnson (1924). 
The lesions on rye are less stripe-like than on barley, and they generally 
develop an irregular margin (see Bacterial Blight of barley. Chap. III). 

3. Powdery Mildew, Erysiphe graminis secalis EL Marchal. — Light 
infections of powdery mildew are common on rye although of no economic 
importance. Specialization of the physiologic variety on rye is not 
pronounced, owing largely to the heterozygous condition of the plant. 
According to Germar (1934) and Mains (1926), mildew-resistant rye 
selections are not difficult to secure. 

The symptoms and etiology are similar to those on barley (Chap. III). 

4. Fusarium Blight or Scab, Gihherella and Fusarium Spp. — The 
disease is common on rye in the humid and semihumid rye areas. The 
losses are frequently high in both reduced yields and in the damaged 
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quality. The “drunken bread'' malady described as formerly common 
in the humid regions of Europe and Asia is attributable largely to Gih- 
berella and Fusarium infected grain. The appearance of the disease on 
rye is similar to that on wheat (Chap. XI). 

5. Snow Mold, Foot Hot, and Head Blight, Caloneciria graminicola 
(Berk, and Br.) Wr. — The disease is common on rye, wheat, and many 
grasses. Its occurrence is associated with heavy snow covering in 
many areas where the disease is severe, as in the Northern sections of 
North America and Europe and Asia. The symptoms of the disease are 
similar to those on wheat (Chap. XI). 

"Eigot^^ Claviceps puT'purea (Fr.) Tub— Ergot is common on species 
of many genera of the Gramineae. The disease is world wide in the 
temperate, humid, and semihumid areas. Ergot is usually more severe 
on rye, although certain varieties of barley and wheat are infected heavily. 
Bromus, AgrojyynMj Poa spp., and other cultivated grasses are damaged, 
especially where grown for seed production. 

Grain marketed through the Federal grading system of the United 
States is designated “ergoty" when it contains more than 0.3 per cent of 
ergot sclerotia l>y weight. In the past such grain was discounted heavily. 
The perfection of the gravity-type separator and other grain-cleaning 
equipment greatly facilitates the removal of the sclerotia to within the 
tolerance of the Federal grades and pure food laws. Many other cereal- 
producing countries apply a similar low tolerance for grains used for feed 
or food purposes. 

The low tolerances of ergot sclerotia are necessary because these 
fungus bodies contain compounds harmful to the circulatory system of 
animals. The sclerotia contain varying amounts of compounds known as 
ergosterol, ergotoxin, ergotamin, ergostetrine, ergoclarin, etc. Some of 
these when properly purified are valuable medicinals. According to 
Barger (1931), Dudley and Moir (1935), Krebs (1936), Kussner (1934), 
Thompson (1935), Trabuechi (1934), and others, specific compounds or 
groups of these compounds cause constriction of the capillary blood 
vessels in specific tissues or generally. Large dosages or continuous 
smaller amounts of ergot result in constriction of the capillaries of the 
placental tissue and abortion. The lactation of animals is reduced or 
prevented l>y continuous small amounts of ergot. The effect is cumu- 
lative and frequently causes reduced circulation and breakdown of tissues 
especially in the extremities, such as fingers, toes, hoofs, and ears. 
Extract of ergot is used extensively in obstetrical medicine. Sound 
sclerotia of suitable composition demand high prices, especially during 
periods when the regular supply from the Mediterranean area is cut off 
from commerce. Many rye growers and processors receive high prices 
for ergot sclerotia during these periods of shortage. Environmental 
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conditions, especially excess moisture, influence the Composition of the 
sclerotia; therefore, all sclerotia are not suitable for this use. 


Fig. 41. — Rye spikes showing the conidial (A) and sclerotial (B) stages of ergot caused by 

Claviceps purpurea. 


Description and Effect.— The ergot infection is conspicuous from 
blossoming of the cereals and grasses to maturity of the crop. Infection 
is evident first in the conidial '‘honeydew” stage when the conidia of the 
fungus are produced on a folded stromatic surface and released in a 
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sugary exudate. The exudate and conidia aceumulate in droplets or 
adhere to the surface of the floral structures, depending upon the con- 
centration of the exudate which is influenced by moisture. Insects feed 
upon the exudate and are conspicuous around infected spikes. The 
sclerotial stage soon follows the conidial. The blue-black sclerotial body 
replaces the kernel in the infected flowers. As the sclerotia develop, the 
floral bracts spread apart, and the bodies when fully developed are 
evident as they usually protrude beyond the floral bracts. Few to many 
sclerotia occur on a spike or panicle (Fig. 41). These sclerotia are 
conspicuous in the threshed grain or seed, and they can be detected by 
specific color tests in milled-grain products. 

The Fungns—Ciaviceps purpurea (Fr.) TuL 

Synonyms arranged under the three stages in the development of the 
fungus. 


Sclerotial Stage 
{Clavaria solida Munch.) 
(Clavaria clavus Schr.) 
{Clavaria secalina Paul.) 
[Sclerotium clavus (Tode) DC.] 


Conidial Stage 
{Spermoedia clavis Fries) 

(Sphacelia segetum Lev.) 

(Fusarium heterosporum Nees) 
{Oidium abortifaciens Berk, and Bro.) 


Ascigerous Stage 

(Sphaeropus fuugorum Paul.) 
{Sphaeria purpurea Fries) 
(Kentrosporium purpurea Wallr.) 
{Cordyceps purpurea Fries) 
{Cordiliceps purpurea TuL) 


The morphology of the fungus comprises a series of developmental stages involving 
specific types of mycelium and spores. A mass of tightly compacted large hyphae form 
an absorbing structure in the vascular bundle of the rachilla in the base of the flower. 
The hyphal cells above this foot-like structure are shorter and remain in an active state 
of division, or they constitute an embryonic or generative hyphal mass situated in the 
position of the young ovary and are frequently associated with the residual tissues of 
the ovary wall of the grass flower. The latter structure is replaced compkdely or in part 
by this compact mass of actively dividing hyphae. The conidial-lx'aring mycelial 
stroma is differentiated first on the top of the generative hyphae. It is composed of a 
thin layer of compacted hyphae producing a stromatal surface of palisade-like single- 
celled conidiophores on the undulating and folding outer surface of the Sphactdial stroma. 
Small spheroid hyaline conidia are produced successively from the conidiophores, and 
they are held in a surgary exudate secreted by the stroma. The generative mass of 
hyphae soon differentiate sclerotial hyphae below the conidial stroma, and they in turn 
supply the contact with the conidial stroma during the remaining period of activity of 
the conidial stage. The sclerotium continues to elongate from the base by the difier- 
entiation of sclerotial cells from the generative mass of hyphae. As the sclerotium 
elongates, the hyphae included differentiate into the hard outer surface layer, the fertile 
hyphal m.ass, and the central larger storage cells. At the maturity of the suscept cereal 
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or grass, the fungus devtilopment consists of the foot-like attachment in the rachilla, 
the sclerotium similar in shape to the caryopsis of the suscept it replaces and enclosed 
by the floral bracts, and the dry conidial stroma still attached to the apex of the sclero- 
tium (Fig. 42). The size of the sclerotia vary depending upon the development of the 
susccpt and the number of infections in each spike. 

The fertile hyphae within the sclerotium develop into stromata and stipes (Fig, 43). 
Sclerotial germination occurs only after a suitable conditioning period, such as over- 
wintering in the soil. The stipes are cylindrical, the length and thickness varying de- 
pending upon the depth of the sclerotium below the soil surface. The stromata! head 
(sphaeridium) is spherical, pale fawn colored, and the upper surface is covered with 
minute elevations, the projecting ostioles of the submerged peripheral perithecia. Peri- 
thecia are flask-shaped, sunken below the surface with the pronounced ostiole protruding. 
The asci are long, somewhat curved, and surrounded by numerous peraphyses similar 
in form to the asci. Each ascus contains a bundle of eight slender filiform hyaline as- 
cospores. The ascospores are ejected from the apex of the ascus through the ostiole 
of the pcrithecium. 

Etiology. — Infection occurs through the young flowers, from wind- 
borne ascospores first and later from conidia. Penetration of the young 
ovary tissues occurs, and an absorbing organ of mycelium forms in the 
conductive tissue at the base of the ovary or in the rachilla. All or 
portions of the ovary are destroyed. The conidial and sclerotial mycelial 
masses develop within or above the remaining ovary tissues. The spe- 
cialized fungus structures are attached to the flower by the absorbing 
mycelium until the sclerotium is mature. The sclerotia fall to the ground 
or are harvested with the grain. The sclerotia overwintering in the soil 
form perithecial strornatal heads that emerge from the soil by elongation 
of the stipe (Fig. 43). The stroma emerge from the soil shortly before 
blossoming of the grain or grass plants. Ascospores are produced in 
large numbers and are extruded from the asci at the period the suscepts 
are blossoming. The primary infection occurs from the wind-borne 
ascospores. In the spring of 1944, 10 to 15 germinating sclerotia per 
square foot were found under the plants in a nursery of Bromus inermis 
L, at Madison, Wis. Secondary infections from meteoric water or insect- 
borne conidia are extensive over a period of 1 to 2 weeks, depending upon 
environmental conditions. 

Lewis (1945) discussed methods of preserving conidia in sugar solutions 
and using them in large-scale inoculations in the commercial production 
of ergot. Atanasoff (1920) and McFarland (1921) have summarized the 
literature and data on infection. 

Control. — Crop rotations and removal or cutting of weed grasses 
prevent the formation and spread of sclerotia and reduce the amount of 
primary inoculum. Heavy infection of spring barley in the North 
Central United States is usually associated with weed grasses in or 
adjacent to the field. According to McFarland (1921), the sclerotia 
formed on Agropyron, Arrhenatherumj Bromus, Glyceria, Phleum, and 
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in on Lolium spp. tested did 


Fig. 43. — Sclerotium and stromatal heads containing the perithecia of Claviceps purpurea (A); 
and section through perithecium (J5) . 

removes the sclerotia from the seed graim Sclerotia do not remain 
viable when stored over 1 year. 




Fig. 44. — Numerous acervuli, bearing black setae and conidia of CoUetotrichum gram- 
inicolum^ formed on the basal leaf sheath and culm tissues of rye. Acervulus from Sudan 
grass, highly magnified, is shown in the insert. 

7. Anthracnose, CoUetotrichum graminicolum (Ces.) G. W. Wils. — 
The disease is distributed widely on the cereals and grasses. In North 
America according to Sanford (1935), Selby and Manns (1909), and 
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Wilson (1914), the disease is important especially in the soft red winter 
wheat area and in the North Central rye area. Barley, oats, and many 
grasses are damaged in this same general area. The disease is associated 
with conditions of low or unbalanced soil fertility, open coarse soils, and 
continuous grass-cereal culture. 

Description and Effect.— The disease is apparent toward maturity of 
the crop. General reduction in vigor of plant development and premature 
ripening or dying are the gross symptoms of the malady. The presence 
of the mycelium and .bleaching followed by browning of the culm bases 
and crown tissues appear first. This is followed by the development of 
the black acervuli on the surface of the lower leaf sheaths and culms 
especially (Fig. 44). Acervuli develop on the leaf blades of the dead 
plants when moisture is plentiful. Pronounced round to oblong lesions 
bearing acervuli occur on the green leaves of Sudan grass. The grain 
is shriveled when the attack occurs early. Spike infection and superficial 
grain infection occurs less commonly. Seedling and crown infection 
occur where the disease is severe. 

The Fungus. — Colletotrichum graminicolum (Ce^,) G. W. Wils. 

(Colletotrichum cereale 

The acervuli are superficial, circular to oval, with dark mycelium forming the basal 
stroma. The black to dark-brown setae form through or surrounding the conidial- 
forming stroma of the mycelium. Setae are septate and tapering at the apex Conidia 
are spindle shaped, slightly curved, hyaline, and one-celled. 

Etiology. — The fungus is saprophytic on crop residues. Primary 
infection is commonly from the mycelium and conidia on the crop residue. 
Infected seed is a possible source of seedling root and crown infection. 
Secondary spread late in the growing season is general from conidia as 
well as mycelium on the crop residue. 

Control. — The disease is reduced by the rotation of crops and improved 
soil fertility. The use of legumes and other dicotyledonous crops in the 
rotation, plowing under cover crops, and proper balance of phosphate ^ 
and potash greatly reduce infection and damage. 

8. Rhynchosporium Leaf Scald, Rhynchosporium secalis (Oud.) J. J. 
Davis. — The disease is distributed widely on rye, but it causes less 
damage on this crop than on barley and smooth brome grass. See 
Chap. Ill, for a detailed discussion of the disease. 

9. Septoria Leaf Blotch, Septoria secalis Fn\\. and Del. — The Septoria 
leaf blotch occurs generally in the rye-producing areas. The lesions are 
characteristic of this group of fungi on the cereals and grasses. The 
light-brown irregular blotches ^re differentiated readily by the develop- 
ment of the pycnidia so typical of this genus (Fig. 45). 




The Fungus . — Septoria secalis Prill, and Del. 


The pycrddia are subepidermal, black, globose, and smooth. The hyaline conidia 
are slender, cylindrical, slightly curved, rounded at the ends, and 3-septate, They 
average 2,7 microns wide by 35 microns long. See Chap. XI for the full discussion of 
the disease. 




pycnidia on the blotches. 
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10. StsJik Smut^ Urocystis occulta (Wallr.) Rab.— This fungus appar- 
ently is restricted to it is widely distributed throughout 

world with the crop. The general distribution of this smut is in striking 
contrast to the rather limited distribution of the flag smut of wheat. 
The symptoms of the disease on rye and wheat are different, as indicated 
by the common names. In rye, the sori form in the parenchymatous 
tissue between the bundles of the culm tissue and less commonly in the 
leaf tissue. The sori form in the flowers and usually prevent the spike 
from emerging. Sori occur in the mesophyll of the leaf sheaths and less 
commonly in the leaf blade. The sori are covered by the epidermis in 
the early stages of development. The epidermis ruptures and the tissues 
shred, releasing the dark-brown spore mass (Fig. 46). 

The Fungus.— ?7roc2/sj5ts occufea (Wallr.) Rab. 

(Erysihe occulta Wallr.) 

The spore balls are oblong to spherical, 16 to 32 microns in diameter, and generally 
incompletely covered by the sterile cells. The sterile cells are light yellow to tan with 
irregular margins. The spores are reddish brown, oblong to subspherical, mth flattened 
sides, and occur 1 to 2, rarely 3 to 4, in a smut ball. The spores germinate in place to 
form a promycelium (basidium) with usually four sporidia borne in an apical whorl and 
promycelium with irregular branching. Stakman et al. (1934) studied the cycle of 
development of the fungus. Fischer (1943) suggested the combination of this species 
with Urocystis tritici Koem. and O’, agropyri (Preuss) Schroet, on the basis of similar 
morphology. 

Etiology. — Seedling infection occurs commonly from seed-borne spores. 
The fungus develops with the culm primordia of the seedlings, and sori 
are produced in the parenchymatous and mesophyll tissues. In the 
Northern United States and Canada, soil infestation is uncommon. 
The source of inoculum is largely from seed-borne spores. The spores 
remain viable in dry soil to infect the fall-sown rye, as reported by Tisdale 
and Tapke (1927). Seed treatment controls this smut in most areas. 
According to Ling and Moore (1937) and Stakman and Levine (1916), 
temperature and moisture influence smut development and control of 
the disease. See Chap. XI, for a detailed discussion. 

11. Head and Kernel Smuts, Ustilago and Tilletia Spp.- — Other smuts 
are reported occasionally on rye. Several of the smuts have been desig- 
nated by specific binomials, probably without adequate study of the 
disease. According to Humphrey and Tapke (1925), Ustilago tritici 
(Pers.) Rostr. is capable of infecting rye under favorable conditions, and 
it has been reported on rye several times. Bunt caused by the species 
of Tilletia common on wheat is found occasionally on rye, and certain 
races of these parasites are capable of infecting rye, as reported by Gaines 
and Stevenson (1923), Lobik (1930), Nieves (1935), and others. 
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12. Stem Rust, Pucdnia graminis secalis Eriks.— Stem rust on rye is 
distributed more generally, and the physiologic races of this variety of 
the parasite occur more commonly on the weed grasses than those on 
wheat or oats, as discussed by Stakman et al. (1934). Stem rust resistant 
varieties and self-pollinated lines of rye occur, as reported by Cotter and 
Levine (1932), Mains (1926), Stakman et al. (1934, 1935), and Water- 
house (1936). Over 14 physiologic races occur on rye in the United States, 
according to Stakman et al. (1935); however, the heterozygous condition 
of the cross-pollinated rye makes determination of races unreliable. The 

detailed discussion of the disease is given in Chap. XI. 

13. Stripe Rust, Pucdnia glumarum (Schm.) Eriks, and Henn.— The 
stripe rust is less common on rye in both the Pacific and Intermountain 
areas of N orth America, Europe, and Asia (see Chap . XI) . 



Fig. 47. — Leaf blade of ryejhowing the new uredia of Pucdnia ruhigo-vera secalis formed 
early in the spring from myceKum overwintering in the tissues adjacent to the center ure- 
dium, which was formed the previous autumn. Contrasted with spring infections, up- 
per leaf. 

14. Leaf Rust, Pucdnia ruUgo-vera secalis (Eriks, and Henn.) Carleton. 
—The leaf rust of rye is widely distributed on rye and many wild species 
of the genus Secale, The aecial stage of the fungus occurs on species of 
Anchusa, although the natural aecial infections are rare in the United 
States, according to Arthur (1934), Mains (1933), and Mains and Jackson 
(1924). 

The leaf rust causes a reduction in tillering and lower yields when heavy 
infection occurs early. Losses occur more commonly in the southern 
range of rye culture where the fungus overwinters in greater abun- 
dance. 

Description. — The round to ovate orange-brown uredia develop on the 
leaves and leaf sheaths. The telia are covered by the epidermis. The 
uredia! development in the spring furnishes an excellent demonstration 
of overwintering of the uredial mycelium in the leaf tissue and the 
development of new uredia early in the spring (Fig. 47). 
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The Fungus.T—Pwccm^a ruhigO'-verci secalis (Eriks, and Henn.) Carleton 
[Pucdnia Tubigo-vera (DC.) Wint.] 

(Puccinia dispersa secalis Efiks: Bbud Timm) 

{Pucdnia secalina Gtoyq) 

(Puccinia dispersa ’Eriks, and B.enn.) 

The morphology of the fungus and etiology are similar to the leaf rust of wheat 

(Chap. XI). Specialization and resistance are reported by Gassner and Kirchhoff 

(1934), Mains (1926), and Vavilov (1919). 
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CHAPTER IX 

SORGHUMS, SUDAN GRASS, AND JOHNSON GRASS DISEASES 

The cultivated sorghums are largely annuals of the species Sorghum 
vulgare Pers. Martin (1936) included the perennial J ohnson grass, S. 
halepmse (L.) Pers., in the sorghum group. The following key is from 
Martin's grouping (1936, page 528), illustrating the relationship of the 
different sorghum types. 

Anw&l SQvghnms, Sorghum vulgare 

A. Sorgo (sweet or saccharine sorghum) 

B, Grain sorghum . 

1. Milo. 

2. Kaffir. 

3. Feterita. 

4. Durra. 

5. Misc. (hegari, darso, shallu, kaoliang, etc.). 

C. Broom corn 

D, Grass sorghum; Sudan grass, S. vulgare var. sudaneme (Piper) Hitchc. 

2. Perennial sorghum or Johnson grass, S, halepense (L.) Pers. 

The crop is cultivated for grain, forage, and juice in the drier climates 
and on limited acreage in the humid sections of the United States. Like 
corn, the sorghum is sufficiently diverse so that varieties are grown in 
all locations in the United States. 

The basic chromosome number of the genus is 5 chromosome pairs. 
The annual sorghums included in the above key all have 10 pairs; the 
perennial Johnson grass has 20 pairs of chromosomes. Certain of the 
sorghum varieties have been crossed with sugar cane hybrids. So far 
as known, such hybrids are pollen sterile and only a few fertile embryos 
develop. 

The physiological anatomy of the sorghums is similar to corn. The 
seedling development and susceptibility to disease is very similar in the 
two. The development of the inflorescence, however, is different, as the 
sorghums develop panicles or heads of perfect flowers. The caryopsis 
of the sorghums threshes free from the floral bracts in most commercial 
varieties. The development of prussic acid, especially in the leaves, and 
the formation of hydrocyanic acid under some conditions is characteristic 
of the group. 
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Diseases cause relatively large losses in this crop. Seedling blights 
and root rots are important in reducing stands and plant vigor. The 
sorghum smuts are severe where control methods are neglected. 

1. Nonparasitic Leaf Spotting and Weak Neck — Lea/ and 

other types of pigmentation of the leaves and floral bracts as well as 
chlorophyll deficiencies occur in this group of plants. Purple, brown, 
and yellow spots and blotches are characteristic of the sorghums and 
Sudan grass. The color of the spots is determined in part by the genetic 
composition of the variety or selection. The nonparasitic spots are 
differentiated from the parasitic maladies as follows: (1) general absence 
of water-soaked areas in any portion of the pigmented spot, (2) uniform 
pigmentation over the spot and rather regular margin, (3) absence of 
necrosis especially in the early stages of spot development, and (4) the 
absence of fungi and bacteria associated with the spots. These pigmented 
areas on mature leaves, however, frequently show necrosis followed by 
secondary organisms invading the tissues. Environmental conditions 
influence the expression of the spotting. Pigmentation of this type is 
associated especially with progenies from hybrids or inbreds. Freed^s 
sorgo is one of the very few sorghums that has never been observed to 
develop leaf spots. The various types of chlorophyll deficiencies — albino, 
veriscent, and other chlorophyll deficient manifestations — are associated 
frequently with material in the segregating progenies growing under en- 
vironmental conditions favorable for expression of the defects. Chlorosis 
due to soil conditions, temperatures, etc., is present in some areas and 
varieties. 

Weak neck is common in the major grain sorghum areas of the United 
States where the malady causes reduction in yield and plumpness of 
grain. The damage is pronounced in relation to combine harvesting, as 
the grain must stand in the field until completely dry. The culm breaks 
below the head, resulting in poorly developed heads with lightweight seed. 
Apparently the tissues of the peduncle and rachis do not develop suflSlcient 
thick-walled tissue, and these tissues ripen too early to support the devel- 
oping head. The early maturation of these tissues is accompanied by 
physiological decline of the tissues; the upper culm tissues dry out and 
bleach to straw color; a soft spongy condition of the upper culm develops; 
and frequently the decline is accompanied by water-soaking and the 
accumulation of a sticky exudate during wet weather. Secondary or- 
ganisms such as Fusarium, Helminthosporium, and Alternaria spp. later 
are associated with the dead tissues /Swanson, 1938, and Leukel et ah, 
1943). The dwarf varieties developed for combining are derived largely 
from the milo types. These and the feterita types are early maturing, 
develop a dry stem, and a relatively thin rind, conditions conducive to 
weak neck. The development of dwarf varieties with culms more like 
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the sorgo and kaffir types in which the culms remain green long< r ap- 
parently is the best means of controL 

2, Mosaics, Infectious Viruses —Certain of the grass virus maladies 
affect the sorghums. These are discussed in detail in Chap: X. 

3. Bacterial Blights —The bacterial stripe and streak diseases are com- 
mon on the sorghums. Symptoms are more pronounced and defoliation 
is more severe than with the similar diseases on sugar cane. Burrill 
(1887, 1889) in Illinois was probably the first to describe the bacterial 
blights of sorghums in his early studies of bacterial diseases of plants. 
He described an organism that he considered to be the cause of the com- 
plex and named it Bacillus sorghi Burr. Kellerman (1888) and Keller- 
man and Swingle (1889) conducted a parallel study of this disease complex 
on the sorghums of Kansas. The red lesions on the sorghums were de- 
scribed and attributed to several distinct organisms by other investigators 
during this same period, as reviewed by Elliott and Smith (1929). Smith 
and his associates (1905, 1911) redescribed the symptoms of f^Burriirs 
bacterial disease of broom corn^^ but attributed it to another bacterium, 
nonsporiferous, white on culture media, and with one to three polar flag- 
ella. They named the organism Bacterium andropogoni Smith and 
Hedges. Elliott (1929, 1930) continued the study of these bacterial 
diseases and differentiated the bacterial stripe and streak diseases of the 
sorghums. 

Bacterial Stripe, Pseudomonas andropogoni (E. F. Sm.) Stapp [Phy^ 
tomcnas andropogoni (E. F. Sm.) Bergey et al.], — The disease occurs on 
many sorghums including Sudan grass and Johnson grass, and it is dis- 
tributed chiefly in the grain sorghum areas of the United States and 
similar areas in other countries. Inoculations on corn and sugar cane 
result in lesions on some varieties. The disease is widely distributed and 
under favorable conditions causes leaf killing. 

The lesions are linear stripes with the color continuous throughout the 
lesion. The stripes are narrow, water-soaked, and bounded by the veins 
when young. Later the stripes fuse and cover a large part of the leaf 
surface and extend into the leaf sheath. Stalks and floral structures show 
similar but more restricted lesions. The color ranges from dark purplish 
red to brown, depending upon the sorghum variety and type of pigments 
present. Abundant exudate, pigmented similar to the color of the stripe, 
forms in droplets and scales over the lesions (Fig. 48). 

Bacterial Streak, Xanthomonas holcicola (Elliott) Starr and Burk. 
[Phytomonas holcicola (Ell.) Bergey et al.]. — The disease is widely distrib- 
uted in the United States and abroad on the sorghums, including Sudan 
grass and Johnson grass. Apparently this disease occurs more commonly 
on the sorghums, especially in the cooler climates, than the stripe. Streak 
causes considerable defoliation in the grain and grass sorghums., x 


i 



•Bacterial stripe (^) and bacterial streak (B) of sorghum, caused by Pseudomonas 
andropogoni and Xanthomonas holcicola respectively. 
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The young lesions are narrow water-soaked streaks with red to brown 
margins and irregular blotches of color interrupting the continuity of the 
streak. Irregular oval blotches with tan centers and red margins, inter- 
mingled with the streaks, develop as the disease advances and lesions 


coalesce (Fig. 48). Exudate is abundant as yellow to cream-colored 
droplets or scales. 

Holcus Spot, Pseudomonas syringae v. Hall [Phytomonas syringae (v. 
Hall) Bergey et aZ.], [P. hold (Kend.) Bergey et al .]. — Kendrick (1926) 
described this leaf spot of corn and sorghum. The holcus spot is char- 
acterized by tan red-bordered round to elliptical lesions on the leaves. 
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The spots coalesce to form irregular blotches, but do not elongate to form 
streaks or stripes. Exudate is not present on the lesion. 

The various bacteria associated with the sorghum blights are similar 
in gross morphology (rods with polar flagella) but vary in physiology. 
All are seed-borne to some extent and are carried over on crop residue. 
Seed treatment, crop rotation, and the use of resistant varieties are the 
principal means of control. The prevalence of these diseases and the 
degree of control are dependent on seasonal conditions. 

4. Milo Disease and Pythium Root and Crown Rot, Pythium arrheno- 
manes Drechs. and Other Fungi.— The root rot and crown rot of certain 


milo and darso varieties of the sorghums, more commonly known as the 
''milo disease,” is widespread, especially in the southern plains area of 
the United States and apparently not common elsewhere. However the 
root rot caused by Pythium arrhenomanes and closely related species is 
world wide in distribution on sorghums and other members of the Gram- 
ineae (Pythium root rot of corn, sugar cane, wheat, see Chaps. IV, X, 
XI). The milo disease on the susceptible grain sorghums is an especially 
severe manifestation of a disease complex in which Pythium; Fusarium, 
and Rhizoctonia spp. frequently are associated (Melchers, 1942). The 
roots first show a brown to red discoloration and water-soaking. The 
rotting progresses from the rootlets into the larger roots and into the base 
of the crown. The leaves become yellow and dry out, the plants are 
stunted, and they fail to head. Under favorable conditions for disease 


Fig. 49.-~The milo disease. This is a destructive disease controlled by resistant varieties 
as shown* by the reaction of the resistant (left) and susceptible (center) varieties and the FI 
(right) growing in infested soil. {Courtesy of L. E. Melchers.) 
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development and heavily infested soils, the plants are killed prior to 
heading (Fig. 49). Elliott ei aL (1937) and Melchers and Lowe (1943) 
desGribed the symptoms and etiology of the disease on the milos. Recent 
investigations by Melchers (1942) show that the disease involves other 
causal factors than arrhenomanes alone, as indicated in the 

earlier literature. 

Most of the sorghums are resistant to this severe type of disease mani- 
festation, according to Wagner (1936). Melchers and Lowe ^ list the 
reactions of commercial varieties to the milo disease. Bowman et al. 
(1937) and Heyne et aL (1944) reported that reaction to the disease is 
determined by a single major factor difference with susceptibility to the 
disease partly dominant. Melchers and Lowe (1943) describe the tech- 
niques used in developing resistant varieties. Susceptible milos and one 
resistant milo selection were crossed with kaffir, kaoliang and sorgo 
varieties, and the segregates were investigated. 

This disease is controlled in the heavily infested areas by the use of 
resistant selections (Fig. 49). Resistant varieties are grown at present 
on about 4 million acres. Soil infestation spreads rapidly and persists 
for several years in the areas when susceptible varieties are grown. Re- 
cently seed transmission has been established. The morphology and 
etiology of the Pythium spp. are given in Chap. IV. 

5. Downy Mildews, Sclerospora sorghi (Knlk,) Weston and Uppal and 
Other Species. — The sorghums are not damaged extensively by the downy 
mildews, although several species of Sclerospora occur on them in Asia 
and Africa (see table, page 75, The Fungi Causing Downy Mildew on the 
Gramineae). Sclerospora sorghi is limited apparently to southern Asia, 
chiefly India, where it is destructive on this crop. The symptoms on 
sorghum are similar to those of the oriental downy mildews on corn and 
sugar cane, according to Butler (1917), Melchers (1931), Uppal and Desai 
(1932), and Weston and Uppal (1932). 

The Fungus. — Sclerospora sorghi (Kulk.) Weston and Uppal 

{Sclerospora graminicola var. andropogonis-sorghi Kulk.) 

Weston and Uppal (1932) described the conidial and oogonial stages of the fungus 
and compared them with Sclerospora graminicola the basis for the new species. 
The conidia of S. sorghi lack an apical dehiscence papilla and germinate by the formation 
of a germ tube. The conidiophore has a definite basal cell, an extensive branching, 
and consequent arrangement of the conidia in a hemispherical plane on the long sterig- 
mata of the conidiophores. The oospores are similar in morphology to S. graminicola 
and germinate by the formation of a germ tube. 

6. Gibberella Seedling Blight and Stalk Gibherella zeae (Schw.) 
Fetch [G. saubinetii (Mont.) Sacc.] and (?. fujikuroi (Saw.) Wr. — 

^ U. S. Dept. Agr., Plant Disease Reporter Sup. 126, 1940. 
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Seedling blight in cooler soils is frequently an important factor in re- 
ducing stands. Seed treatment with the mercury dusts increases stands, 
according to Leukel (1943) and Leukel and Martin (1943)* The symp- 
toms are similar to those on corn (Chap. IV). 

7. Helminthosporium Leaf Blight, Helminthosporium turdcum Pass.— 
The corn leaf blight occurs sparingly on the sorghums and very exten- 
sively on Sudan and Johnson grasses. Considerable defoliation results 
on these two grass sorghums (Fig. 50) . The lesions are similar to those on 
corn except for the development of more pigmentation around the margin 
of the lesions in the sorghum group. According to Lefebvre and Sherwin 
(1945) and Mitra (1923) as well as inoculation experiments by Allison,^ 
specialization occurs within the species. Certain of the physiologic 
races of the parasite on corn infect the sorghum group. The sorghum 
races of the fungus apparently do not infect corn naturally. The exten- 
sive severe development of the disease on Sudan grass in the Northern 
United States and the relatively sparse occurrence of the leaf blight on 
corn are explained in part on the basis of specialization of the parasite. 

The morphology of the fungus and' etiology and control of the disease 
are discussed in Chap. IV. According to Chilton (1940), the fungus is 
seed-borne on Sudan grass as well as carried over on crop residue. 

8. Anthracnose, Colletotrichum Spp. — The anthracnose is distributed 
widely on the sorghums, especially on Sudan and Johnson grasses. The 
disease is of little economic importance on the sweet and grain sorghums, 
but causes damage on Sudan grass (Allison and Chamberlain, 1946) and 
broom corn. Colletotrichum graminicolum (Ces.) G. W. Wils. causes 
root and crown lesions and small ovate to irregular zonate spots on the 
leaves of Sudan grass. The central area of the leaf spot is tan; the border 
is red to brown. Acervuli develop on the older portion of the spot (Fig. 
50). Root and crown rot occurs on Sudan gr|Lss and broom corn, causing 
lodging and reduced yields. The interior of the base of the stalk is rotted, 
and numerous acervuli develop on the surface of the rotted portion. C. 
lineola Corda is listed also as the species on the sorghums, although Wilson 
(1914) includes this under C. graminicolum. 

The disease is abundant from mid-summer to maturity of the crop. 
Resistant inbreds and hybrids are the best means of control on Sudan 
grass. The disease is discussed in detail in Chaps. VIII and X. 

9. Gloeocercospora Leaf Spot, Gloeocercospora sorghi Bain and Edg. — 
Bain and Edgerton (1943) described a zonate. leaf spot on sorghums, 
corn, and sugar cane. The fungus was placed in a new genus in the Tuber- 
culareaceae, as the conidia are borne in a sporodochium-like structure and 

^ Unpublished data on cross inoculations with Helminthosporium turdcum on corn 
and Sudan grass. 
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in a slimy matrix on short conidiophores. The spots appear first as small 
red to brown water-soaked lesions. As the spots enlarge they become 


^,v/. uij kjuuau jpruuuueu uy Kjouewiricrium gramimcoium (^) com- 

pared with the leaf lesions caused by Helminthosponum turcicum (B), These are two serious 
diseases of this crop. 
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darker colored and elongate and form large semicircular or irregular lesions 
frequently extending across the leaf blade. Both leaves and floral bracts 
are infected. 

The Fungus.— GZoeocercospom sorghi Bain and Edg. 

Sporodochia bearing hyaline, septate, short, single or branched eonidiophores form 
on the lesion. Gonidia are hyaline, elongate to filiform, variable in length, the longer 
ones tapering at the apex, and measure 20-195 by 1. 4-3.2 microns. The conidia are 
borne in a slimy matrix and are salmon pink in mass. Sclerotia are 0.1 to 0.2 mm. in 
diameter, lenticular to spherical, black, and borne inside the necrotic tissue. 

10. Sooty Stripe, RamuUspora sorghi (Ell. and Ev.) Olive and Le- 
febvre. — A fungus, somewhat similar in coni dial morphology to the above, 
produces sooty stripe on the sorghums in the Southern United States and 
Asia. The lesions are elongate elliptic, regular in outline, first gray to 
tan in the center with a red margin, later sooty colored as the black 
loosely attached sclerotia develop on the lesions. 

Ramulispora sorghi (Ell. and Ev.) Olive and Lefebvre in the Tuber- 
culareaceae with synonyms (Septorella sorghi Ell. and Ev.), (Ramulispora 
andropogonisMmTSi);[Titaeospora andropogonis (Miura) Tai] apparently 
is the accepted binomial for this parasite. 

The sclerotia are amphigenous, scattered, superficial, subglobose, coarsely tuberculate 
and black. Sporodochia are amphigenous, erumpent from subepidermal stromata. 
Fasiculate eonidiophores form from the sporodochia and the sclerotia. Conidia are 
filiform, one- to three-branched, hyaline, curved, tapering toward the apex, 3- to 
8-septate, and measure 38-86 by 1,9-3 microns (Olive et al, 1946). 

Cercospora sorghi Ell. and Ev. occurs on the sorghums in the Southern 
United States, according to Seymour (1929) and Stevenson (1926). 

11. Charcoal Rot, Sclerotium hataticola Taub. — The disease occurs as 
a cortical root rot and internal stalk rot of corn and sorghums as well as 
many other crops. The disease is distributed widely in the warmer cli- 
mates and is prevalent in the drier Central United States, according to 
Livingston (1945) and others. The black cortical rot of the larger roots 
is conspicuous on seedlings and mature plants. The internal stalk rot 
and the development of numerous small black sclerotia on the infected 
tissues occurs later in the season. The stalks break over at the soil line 
or a few inches above. 

The Fungus . — Sclerotium hataticola Taub. 

Macrophomina phaseoli (Maubl.) Ashby is the pycnidial stage of the 
fungus. Rhizoctonia hataticola (Taub.) Butler is considered the same as 
Sclerotium hataticola by some mycologists, although the evidence is not 
conclusive (Henson and Valleau, 1937). 

The pycnidial stage of the fungus is not common on sorghum under 
field conditions. All varieties are relatively susceptible, as shown by 
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Hoffmastcr and. Tullis, ^ and rank in about the following order; milos 
darso, Sudan grass, feterita, hegari, kaffir, and the sweet sorghums! 

Tullis® described a stalk rot of sorghum in Texas with symptons similar 
to charcoal rot on sorghums which was caused by Spicaria elegans (Cda.) 
Harz, and mom'h/ome. 

12. Loose Kernel Smut, Sphacelotheca cruenta (Kuehn) Potter.— The 
loose kernel smut of the sorghums is not distributed so widely in the 
United States as the covered kernel smut. The disease is common in 
Asia and Africa, according to Butler (1918). Apparently the disease is 
not common on Sudan grass. A similar loose kernel smut occurs on 
Johnson grass in South Central United States. Both grain and fodder 
yields are reduced “by the smut. 

Symptoms and Effects.— The smut is apparent by the early appearance 
of the smutted heads and dwarfing of the plants in most varieties. Gener- 
ally all the flowers in a head are smutted. The floral bracts tend to elon- 
gate and proliferate. Frequently, the lemma and palea as well as the 
ovary contain smut sori. The membrane ruptures early, releasing the 
powdery black spore mass. The elongate central columella of the sorus 
persists after the spores are discharged. The symptoms range from a 
loose to covered type kernel smut, depending upon the sorghum'varietv 
(Fig. 51). 

The Fungus.— cruento (Kuehn) Potter 
{Ustilago cruenta Kuehn) 

The sori are formed in the ovaries and floral bracts. The chlamydospores are enclosed 
in a fungal membrane (peridium) composed of loosely joined rounded gray cells about 
twice the diameter of the spores. In many sorghum varieties the membrane is fragile 
and ruptures early. The chlamydospores are formed in elongated irregular clumps 
not spore balls, that separate as they mature. The spores are round to eUiptical 
dark brown, with indistinct pits to reticulations on the surface, and 5 to 10 microns 
in diameter. They germinate to form characteristically a four-celled basidium 
(promycelium) with lateraOy borne sporidia. Secondary spoiidia are produced on 
media. ■ 

Etiology.— Infection occurs in the early stages of seedling development. 
The fungus becomes established in the primordial tissues of the developing 
shoot, and spores are produced in the kernels and adjacent floral tissues. 
This systemic type of infection is characteristic of many of the smut fungi. 
As shown by Melchers and Hansing (1943), Peed (1923), and others, the 
development of Sphacelotheca cruenta in the sorghum plant causes dwarf- 
ing in most varieties and the early development of the head. Smut infec- 
tion occurs over the range of environmental conditions favorable for 
development of sorghum. The chlamydospores are carried over on the 
seed and in the soil in the drier climates. 

^ U. S. Dept Agr.y Plant Disease Reporter 28: 1175-1184. 1944. 

^ U. S. Dept Agr,j Plant Disease Reporter 28: 1100. 1944. 
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PIG. 51. Sorghum spikolets, magnified, showing the loose (J[) and covered {B) kernel 
smuts of sorghum caused by Sphacelotheca cruenta and S, sorghi respectively. Chlamydo- 
spores, highly magnified, are shown in the inserts. 

as suitable for the control of both loose and covered kernel smuts. Stands 
were improved also in Pythium and Fusarium infested soils. Melchers 
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(1933) listed the milos, feteritas, hegari, and Dwarf Shantung kaoliang 
as resistant to moderately resistant to the two physiologic races of 
Sphacelotheca cruenta. Race 1, originally from India, attacks kaffir X 
feterita and Pierce kaferita, while race 2 infection on these varieties is 
very light. Race 2, found in Kansas, infects Red Amber X feterita and 
White Yolo, which are resistant to race 1. Rodenhiser (1934) reported 
on crosses between races of sorghi and interspecific crosses between S. 
sorghi rnd race 1 of S. cruenta. His results suggest (1) the origin of races 
by hybridization and (2) on the basis of sterility in the first generation 
interspecific hybrids, the two species are distinct rather than representing 
the extremes in a series of variants, as suggested by Tisdale al. (1927). 
According to Melchers (1940), Spur feterita (C.I. 623) is the most re- 
sistant to the known races of both loose and covered kernel smut parasites. 

The loose kernel smut occurring on Johnson grass in the South Central 
United States is similar to the loose smut of sorghum. Rodenhiser (1937) 
listed it as a third race of Sphacelotheca auenta. Johnston et al. (1938) 
suggests the possibility of a different species. 

13. Covered Kernel Smut, Sphacelotheca sorghi (Lk.) Clint.— The 
covered kernel smut is one of the most common diseases of sorghums in 
the United States and frequently reduces yield of grain. The disease is 
widely distributed in other countries on the sorghums and Sudan grass, 
as reviewed by Reed (1923) and Reed and Melchers (1925). 

Symptoms and Effects. — Typically a kernel smut, the ovaries of the 
flowers are converted into smut balls. Sori rarely develop in the floral 
bracts. The outer membrane (peridium) of the sorus is tough and usually 
persists as the grain ripens. It varies in color with the different physio- 
logic races of the fungus and with the sorghum varieties. The ?mut balls 
are elongated beyond the floral bracts and resemble somewhat the shape 
of the kernel (Fig. 51). The smutted plants are not reduced greatly in 
height and vegetative development as in the case of the loose smut, as 
shown by Melchers and Hansing (1943). 

The Fungus . — Sphacelotheca sorghi (Lk.) Clint. 

{Sorosporium sorghi lik.) 

{Tilletia sorghi Tvl.) 

( Ustilago sorghi Lki) 

The sori are formed chiefly in the ovaries. The chlamydospores are enclosed in 
a persistent fungal membrane that ruptures at the apex, exposing the dark spores and 
columella. The membrane is composed of round to elongate cells about the same 
diameter as the spores. Chlamydospores are globose to angular, olivaceous, brown, 
apparently smooth, but actually finely punctate to minutely echinulate, and 5 to 7 
microns in diameter. They germinate to form characteristically a four-celled promy- 
celium bearing lateral sporidia, although great variation occurs. 

The etiology and control of the disease are essentially similar to the 
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loose kernel smut. Standard and new chemical dust seed treatments 
are described by Hansing and Melchers (1944). Environmental con- 
ditions influence infection, and some varieties, although infected, do not 
develop sori in the primary heads, according to Melchers (1933) and 
Melchers amd Hansing (1938). Resistant varieties occur in most of the 
sorghum groups, as reported by Melchers et al. (1932), Reed and Melchers 
(1925, 1940), Tisdale et ah (1927), and others. Spur feterita (C.I. 623) 
is resistant to all known races, and dwarf yellow milo (K.B. 2515) and 
Red Amber X feterita (K.B. 33308) are resistant to one or more of the 
physiological races of Sphacelotheca sorghi. Specialization and variation 
in the fungus is reported by the above authors, as well as Ficke and 
Johnston (1930), Melchers et ah (1932), and Tyler (1938). Five physiologic 
races of the parasite are differentiated, as shown in the following table: 


Physio- 

logic 


Reaction on sorghum varieties 


Dwarf 

White 

Pierce 

Feterita X 

i Feterita 
(S,P.I. 51989) 

Kaffir X 

race 

yellow milo 

Yolo 

kaferita 

kaffir 

feterita 


(C.I. 332) 

(KB. 2525) 

(KB. 2547) 

(F.C.I.8917) 

(H.C.2423) 

1 

R 1 

IR 

R i 

R 

R 

R 

2 

S 

■■ ■ 1 

R 

R 

R 

R 

3 

R 

R 1 

S 

IR 

IR 1 

S 

4 

R 

S 

R 

R 

R 

R 

5 

R 

R 

R 

R 

. 1 

R 

s- 


14. Head Smut, Sphacelotheca reiliana (Kuehn) Clint. — The disease 
occurs occasionally primarily on sorghums in the Central United States 
where it is of minor importance. In the Western United States and 
southeastern Europe and Asia, this smut is more generally distributed 
on corn. The smut is not evident until the panicle emerges. All or 
part of the floral structures are replaced by the smut sorus. The fragile 
membrane ruptures early, releasing the dark-brown dusty spore mass 
and exposing the vascular tissues of the inflorescence. According to 
Reed (1923) the feterita, milo, kafflr, kaoliang, and broom corn groups 
of sorghums are resistant. Physiologic races are distinct on sorghum 
and corn. See Chap. IV for the detailed discussion of the disease. . 

15. Long Smut, Tolyposporium ehrenbergii (Kuehn) Pat.^ — This smut 
is not, reported in the United States and according to Kamat (1933), 
Kulkarni (1918), and McAlpine (1910) causes little damage to this crop 
in other countries. The sori develop in the ovaries, frequently only a 
few in each panicle. The sori are long, cylindrical, slightly curved, and 
rupture at the apex to release the brownish-green spore balls. The spores 
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remain united, more or less permanently in large groups. The exposed 
surfaces of the spores in the spore ball are covered by flattened echinula- 
tions. The spores germinate in place by the formation of an elongated 
promycelium, frequently branching. Numerous sporidia are produced 
singly or ill chains. 

Little experimental data are available on the etiology and control of 
the disease. Continuous culture in the same areas tends to increase the 
amount of infection. 

16. Rust, Puccinia purpurea Cke.— This rust occurs in limited amounts 
on all the sorghums, including many of the grass species of this genus. 
The disease is more common in the Southern United States, and it is 
distributed generally with the crop. Butler (1918) reported the rust as 
one of the most common rusts of the cultivated crops of India. The 
uredia 'develop on both surfaces of the leaves. Pigmentation appears 
around the uredium. Telia develop in and adjacent to the uredia as in 
the corn rust. The aecial host is unknown. Resistant varieties are 
reported by Johnston and Mains (1931). 
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CHAPTER X 
SUGARCANE DISEASES 


The sugarcane varieties in cultivation are largely a group of inter- 
specific hybrids propagated vegetatively by stein cuttings. According to 
Brandes and Sartoris (1936), disease epidemics played an important role 
in the development and propagation of the interspecific hybrids. Nobil- 
izing or resorting to natural crossing between the cultivated varieties and 
primitive hardy disease-resistant forms was started during the sereh 
epidemic. How^ever, hybrids superior to the former commercial varieties 
were not produced until much later. Hybridization really became 
important in sugarcane improvement after J. Jeswiet in Java produced 
the selection P.O.J. 2878. The sugarcane mosaic epidemics and better 
parental material and techniques stimulated further, more systematic 
crossing and testing of larger populations of seedlings. Economic 
pressures and the better sugar yields of the latter hybrids also stimulated 
the breeding improvement. The following table gives the principal 
species used in crossing, their chromosome number and disease reaction. 


Saccharum 

spp. 

Number 

chromo- 

some 

pairs 

Adaptability 

1 

Reactions to diseases 

Mosaic 

Sereh 

Downy 
mildew , 

Smut 

S, officinarwn L. . 

40 

Tropics 

Susc. 

Susc. 

Susc. 

Mod. susc. 

S. sinense Rovb. . 

58-60 

Wide 

Some susc. 

Immune 


Susc. 

/S', barheri Jesw. . . 

42-46 

Temp, and , 

Susc. 

Immune 


Mod. susc. 



subtropics 1 

tolerant 




S. spontaneum L. . i 

56 

Wide 

Immune* 

Immune 

Susc. 

Mod. susc. 

8. rohustum 

42 

Wide 1 

Susc. 


i 



* S. spontaneum var. Koelawa A. is susceptible to mosaic. 

Disease-resistant hybrids are used in the control of most commercially 
important diseases. The propagation by clones, chiefly culm bud 
cuttings, facilitates the use of good-quality disease-resistant selections. 
Quarantines are effective in preventing the further distribution of diseases 
carried in the cuttings. 

1. Sugarcane-Grass Mosaics, Virus Transmitted by Aphis maidis 
(Fitch.) and others. — The grass mosaics occur on a relatively large 
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Sugarcane, corn, sorghum, certain millets, and a 
ber of tropical grasses are susceptible in varying 
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other early investigators did not differentiate between the mosaics and 
the streak. Stahl (1927), Story (1925), and Story and McClean (1930) 
described the stripe and streak diseases on corn and sugarcane trans- 
mitted by leaf hoppers {Peregrinus and Cicadulina spp.) . The symptoms 
of these diseases are similar in certain characters to those of the mosaics. 

The mosaic disease complex is manifest by the light-green or yellow 
streaking and irregularly mottled appearance of the leaves. According 
to Tims et al (1935) and Forbes et al (1937), the green or mild and 
yellow or severe mosaics occur commonly on sugarcane in Louisiana. 
The symptoms of the two strains are similar in young plants, but the 
stripes are predominantly light green in the one and yellow in the other 
in the older leaves (Fig. 52). Plants carrying one virus strain are not 
infected with the other. Yellowing and browning are later symptoms 
on some cane varieties. Infected plants are lighter green in color than 
the healthy plants. Mottling or marling of the culm is common in 
older susceptible material. Culm cankers and internal necrosis occur in 
some varieties. Numerous strains of mosaic viruses occur on sugarcane 
with variations in symptoms. The symptoms of the mosaics also vary 
with the different sugarcane selections. In resistant varieties, the 
mosaic pattern on the leaves frequently becomes masked or disappears. 

The principal insect vector is Aphis maidis (Fitch.). Three other 
aphids are reported by Ingram and Summers (1936, 1938) and Tate 
and Vandenberg (1939) as capable of transmitting the diseases to sugar- 
cane. Apparently the aphids persist on the sugarcane to reinfect the 
annual crops such as corn and sorghum. Transmission of the viruses by 
mechanical means is very easy on sugarcane and on corn, as reported by 
Matz (1933), Sein (1930), Wilbrink (1929), and others. The mosaics on 
sugarcane are controlled by the use of resistant or tolerant varieties, 

2. Streak, Stripe Diseases, and Chlorotic Streak, Viruses Transmitted 
by Cicadulina mbila (Naude), Peregrinus maidis (Ashm.), and Draeculace- 
phala portola Ball, Respectively. — Storey (1925, 1926) reported a streak 
disease on corn and sugarcane in South Africa transmitted by the leaf 
hoppers Cicadulina mbila (Naude), C. zeae China, and C. storeyi China. 
The disease occurs in many sugarcane sections of Africa, Asia, and the 
Pacific area. Stahl (1927) described a stripe disease of corn in Cuba 
transmitted by the leaf hopper Peregrinus maidis (Ashm.) and differ- 
entiated this disease from sugarcane mosaic. The leaf stripes in streak 
are white instead of yellow as in mosaic. The stripes are uniformly 
distributed over the leaf as in mosaic, but usually the mottling is very 
conspicuous in the mosaic-infected leaves. There is little stunting of 
the plants in streak. Storey (1930, 1933) demonstrated, by means of 
leaf hoppers, at least a strain difference in the sugarcane and corn viruses 
causing streak. The virus of sugarcane streak caused mild transitory 
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symptoms on corn, and the virus of corn produced a mild streak on sugar- 
cane. He concluded also that stripe and streak on corn were not the 
same. Resistant sugarcane varieties are reported by Storey and McClean 
(1930). 


■Chlorotic streak of sugarcane caused by a virus transmitted by leaf hoppers. 
{Courtesy of C. W. Edgerton.) 


Chlorotic streak was first differentiated in Java and Hawaii in 1928 
and 1929. The disease occurs also in Australia, the West Indies, Mauri- 
tius, and the Americas. As reported by Abbott and Ingram (1942) and 
Abbott and Sass (1945), the disease occurs in the Southern United States 
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and it is characterized by the wavy irregular margins of the white streaks 
and by cellular modifications and necrosis of tissue (Fig. 53). Intracel- 
lular bodies occur in the stalk tissues. The malady is transmitted by 
the leaf hopper Draeculacephala portola Ball. Edgerton and associates 
(1942) report its control by treating seed 20 to 30 minutes in water at 
: 62 °C.''' 

Bell (1932) reported a dwarf disease different from mosaic or streak. 

3. Fiji Disease, Virus Transmitted by Perkinsiella vastatrix (Bred.) 

and P. saccharicida Kirk.— The fiji disease, like mosaic, is of major 
importance to the sugarcane industry. Apparently, in contrast to the 
mosaic, the fiji disease is restricted in its distribution. The disease, 
insofar as is known, occurs only in the South Pacific area. The presence 
of narrow linear, smooth, white to brown galls on the undersurface of 
the leaf veins and the absence of striping and mottling form the out- 
standing differentiating symptoms. The leaves are shorter, stiff er, and 
darker green than in the healthy plants. Internodal elongation of the 
canes is checked later, and the canes split. Lower buds develop, forming 
shortened, distorted clumps. Intracellular bodies are present, as reported 
by Kunkle (1924) and others. Ocfemia et al. (1933, 1934) transmitted 
the disease by means of the leaf hopper Perkinsiella vastatrix . 

Mungomery and Bell (1933) transmitted the disease using P. saccharicida 
Kirk. They state that probably several species of leaf hoppers are 
capable of transmitting the virus. The malady is carried in diseased 
cuttingsr Some varieties are moderately resistant, but immune varieties 
are not reported. Quarantine, removing diseased plants, restricting 
ratooning, and disease-free cuttings are recommended. 

4. Sereh, Cause Unknown. — Lyon (1921, 1923) discussed the sereh 
complex of Java, including its history, description, and the early literature 
pertaining to the disease. The symptoms include most of those for the 
virus diseases discussed above and, in addition, the red gum and staining 
of the vascular tissues and the development of adventitious roots from 
the aerial nodes. The upper buds of infected canes fail to develop after 
topping. The etiology of the disease is still vague and incomplete. The 
presence of bacteria in association with the diseased plants is suggested 
as a cause by some. Sereh was controlled in Java for many years by 

^growing seed canes at high altitudes. The disease now is controlled by 
the use of resistant varieties and cuttings from healthy canes. Wilbrink 
(1923) reported the control of the. condition by treating cuttings 30 
minutes in water at 52°C, 

5. Gumming Disease, or Cobb’s Bacterial Wilt, Xanthomonas vas- 
culorum (Cobb) Dows.— The disease causes serious loss in susceptible 
varieties in the Southern Pacific area, in the West Indies, in South 
America, and in other countries. Apparently, the further general spread 
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of the disease and introduction into the United States is preventable by 
quarantines and the use of resistant varieties. 

In the early stages of development, the disease is primarily a leaf 
disease. In this respect it is similar to the bacterial wilt of corn. The 
pale-green to yellow stripes flecked with reddish dots, regular in outline 
when young and becoming diffused in outline as they become older, form 
along the margin and apex of the leaf blade. The longitudinal streaks 
enlarge and turn red to brown as the leaves mature and tissue necrosis 
advances. In the older canes, showing advanced stages of the disease, 
the inner leaves of the apical whorl develop linear stripes, while the older 
lower leaves show the red blotches and brown streaks. As- the disease 
advances in susceptible varieties, the organism in the vascular tissues of 
the leaves moves down into the stalk tissues. The advanced leaf 
symptoms are associated with dwarfing of the plants and^necrotic pockets 
in the stalk tissues. The presence of the honey-yellow bacterial exudate 
in the conductive tissues of the stalk and veins constitute the most 
characteristic symptom. Hughes (1939), Matz (1922), North (1935), 
and Smith (1914) described the symptoms, the organism, and the etiology 
in detail. 

The Bacterium. — X anthomonas vasculorum (Cohh) I)ows. 

[Phytomonas msculorum (Cohh) Bergej ei ah] 
(Bacillus vasculorum Gobb) 

(Bacillus sacchari Spegi) 

[Bacterium vasculorum (Cobb) Mig.] 

[Bacterium vasculorum (Cobb) E. F. Sm.] 
[Pseudomonas vasculorum (Cobb) E. F. Sm.] 

Etiology. — The disease is confined largely to sugarcane in nature, 
although Orian (1939) reported it spreading to corn and a species of 
palm in Mauritius. Inoculations into sorghums and corn produce 
symptoms similar to bacterial wilt of corn. Infected cuttings spread the 
disease both locally and long distances. In wet weather the exudate 
forms a slime on the surface of the infected plants. The bacteria are 
spread by splashing rain and flies, according to reports by North 
(1935) and Leach (1940). Some other insects, as in the case of 
Stewart’s wilt of corn, may be associated with the spread of the 
disease. Eesistant varieties, elimination, and quarantine are the best 
means of control. 

6. Leaf Scald, Bacterium olbilineans Ashby. — The disease is distributed 
throughout the Southern Pacific' sugarcane area, Hawaii, and Brazil. 
The scald so far is confined to these areas, and it is not so widespread in 
distribution as the similar gumming disease. Neither disease is reported 
in the continental United States. The two vascular bacterial diseases 
are about equally important in causing losses. 
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The leaf scald symptoms differentiate this disease from the gumming 
disease. The narrow definitely margined leaf streaks, are creamy or 
grayish white in color. The streaks usually extend the full length of 
the leaf blade and the leaf sheath and later broaden from the tip down- 
ward; followed by withering of the leaf blade in the same direction 
(Arruda and Amaral, 1945). The streaks are associated with the 
infected vascular bundles. The older lesions turn brown or redden and 
finally wither and dry out. The severe infection results in rather sudden 
wilting and drying out of individual culms or the entire plant. In both 
cases, weakened shoots develop from the basal axillary buds. These 
show the characteristic white leaf streak symptoms. The vascular 
bundles of the stalk show red staining, especially in the nodes. The 
absence of the yellow exudate in scald also differentiates this disease 
from the gumming type. Ashby (1929), Bell (1929), and North (1926) 
discussed the disease- and compared the symptoms of the two somewhat 
similar diseases. 

The Bacterium. — Bacterium alhilineans Ashby 

[Phytomonas alhilineans (Ashby) Bergey et aL] 

Motile with a single polar flagellum, the rods are more slender than Xanthomonas 
vasculorum, and growth on most media is slow. 

The distribution and development of the disease in fields varies from 
scattered plants with mild symptoms to rapid wilting of most plants in 
large areas. New infections appear suddenly in fields some distance 
from diseased areas. This behavior suggests the importance of environ- 
mental conditions in the development of scald and the possibility of 
insects playing an important role in both dissemination and introduction 
of the parasite into the cane tissues. The disease is controlled by the 
use of resistant varieties. 

7. Bacterial Blights of Sugarcane. — Two bacterial blights occur on 
sugarcane that are similar in symptoms to the two more common bacterial 
blights on sorghum and Sudan grass. The two diseases are widely 
distributed. 

Red Stripe and Top Rot, Xanthomonas ruhrilineans (Lee et at,) Starr 
and Burk. {Phytomonas ruhrilineans Lee et aL). — The disease is common 
through the sugarcane, areas including the Southern United States, 
although it is of minor importance according to Christopher and Edgerton 
(1930). Cottrell-Dormer (1932) demonstrated that sorghums, corn, 
Sudan grass, and Johnson grass are infected. 

The leaf stripes are at first water-soaked narrow lesions. They 
elongate rapidly and turn red to maroon in color. Usually the stripe is 
bordered by a water-soaked or yellow zone. The stripes are continuous 
with a uniformly necrotic and colored area. Later the stripes coalesce, 
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forming alternate red and chlorotic stripes. Exudate is formed on the 
necrotic areas. Red staining occurs in the vascular bundles, progressing 
from the apex downward. Usually only portions of the culm interior 
are discolored by the bacteria. Later the apical culm tissues are rotted 
and the upper are killed. Cottrell-Dormer (1932) and Wood 
(1927) associated the top rot and leaf stripe as the same disease complex. 
In the various studies in the Pacific area and in the United States, the 
disease is attributed to Xanthomonas rubrilineans {1924, 1925). 

Streak or Mottled Stripe, Bacterium rubrisuhalbicans (Christopher and 
Edg.) Burgw. {Phytomonas mbrisubalbicans Christopher and Edg.), — 
The symptoms of the disease on sugarcane are similar to the streak 
disease of sorghum. Christopher and Edgerton (1930) compared the 
disease with the streak on Johnson grass. They produced the disease 
by inoculations on Johnson grass and sorghum but not on corn. Cottrell- 
Dormer (1932) reported the same disease in Queensland. The disease is 
of minor importance. 

The leaf stripes are linear with less regular margins and centers. The 
color is predominantly red, although frequently white areas or white 
margins occur. Where the streaks coalesce, mottled red and white bands 
are formed across the leaf blade. Top rot is not associated with the 
disease. Moderately resistant varieties are reported by Christopher and 
Edgerton (1930). 

8. Pythium Root Rot, Pythium arrhenomanes Drechs,, P. gramimcolum 
Subr., and Others.— The root rot complex is common on sugarcane in 
practically all areas. The practice of ratooning or growing several crops 
of cane on the same root system tends to increase the damage in com- 
parison with m annual crop like corn. Soil type, drainage, fertility, and 
root damage from nematodes and insects influence the incidence and 
damage from this disease complex. Carpenter (1934) summarized the 
literature and experimental data on these predisposing factors. The 
rootlets and roots show a water-soaked brown to gray rot resulting in a 
depleted root system. 

The Fungi. — Essentially the same species of Pythium causing the 
root rots of corn, sorghums, and other grasses are associated with the 
sugarcane root rots. Edgerton et al, (1929) reported upon numerous 
isolations in Louisiana; Pythium, RUzoctonia, and Marasmius spp. were 
the principal pathogenic fungi. Rands and Dopp (1934) reported on 
the variability of Pythium arrhenomanes and included nine of the species 
reported by Sideris (1931) in this species. The morphology of the two 
common graminicolous species of Pythium is given in Chap. IV. 

Resistant varieties, soil drainage, and balanced fertility are essential 
in reducing losses from root rot. 
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9. Downy MMeWySclerospora sacchari Miy. and Other Species. — The 
disease on sugarcane caused by Sclerospora sacchari is the more common 
and destructive species on this crop. Downy mildew is restricted to a 
few countries in the southwestern Pacific area. Other species of Sclero- 
spora occur to a limited extent on this crop (see table on the Downy 
Mildews of the Gramineae, Chap. IV). According to Leece (1941), Lyon 
(1915), and Miyake (1911) conidia and oospores of S. sacchari occur on 
sugarcane. Symptoms on sugarcane are similar to those on corn. 

The etiology and control of the disease on sugarcane, a perennial, 
varies somewhat from that on corn. Infection occurs on young tissues, 
especially those associated with the buds. Bud infection is probably more 
general in sugarcane than in corn. Disease-free cuttings and the use of 
resistant varieties constitute the best means of control. Quarantine 
apparently has prevented the entry of the disease into Cuba and the 
Southern United States. 

10. Pokkah-bong, Gibberella fujikuroi (Saw.) Wr. and var. subglutinans 
Edwards (Fusanum moniliforme Sheldon and var. subglutinans Wr. and 
Reinking) and Other Organisms.— The disease is common on sugarcane 
and is widely distributed. Similar symptoms appear occasionally on 
corn. Damage is not severe except in very susceptible varieties of sugar- 
cane. 

The first symptoms of the disease are the light-colored twisted leaves 
as they come out of the terminal leaf whorl. Chlorotic areas especially 
on the base of the leaf and leaf sheath persist on plants with mild symp- 
toms. Few to several leaves are affected. The chlorotic areas frequently 
are malformed, either narrow and twisted or stiff. In later symptoms on 
susceptible varieties, the top of the stalk is rotted and the growing point 
is killed. Pink necrotic areas are found in the leaves and culm. 

Apparently Gibberella fujikuroi (Saw.) Wr. and the variety subglutinans 
Edwards are associated with the disease, as reported by Priode (1929) 
and others. Fawcett (1922) associated Erwinia flavida (G. Fawc.) 
Magrou {Bacillus flavidus G. Fawc.) with the disease. The cause of the 
disease is still indefinite. Resistant varieties apparently are reducing the 
severity of the disease. 

11. Red Rot, Physalospora tucumanensis Speg. {Colletotrichumfalcatum 
Went.). — The red rot is prevalent in the major sugarcane areas. The 
disease apparently is more severe, especially in reducing stands, in the 
cooler climates. Perithecia were collected on the five species of Saccharum 
and the grass Leptochloa filiformis (Lam.) Beauv., common in some sugar- 
cane areas, as reported by Carvajal and Edgerton (1944). It is possible 
to inoculate the sorghums including Sudan grass and Johnson grass with 
Physalospora tucumanensis, but the Colletotrichum found naturally on the 
sorghums is different, according to Edgerton (1911) and recent reports to 
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Abbott (1938) considered the same species on both groups 
ed on morphology of the cultures isolated. C. lineola Cda., 




Fig. 54. — Red rot of sugarcane caused by Physalospora tucumanensis (CoUeiotrichum 
falcatum) showing the stalk rot (A). The perithecium (R), ascospores (C), and acervulus 
(R) of the fungus are shown highly magnified. (Courtesy of C. W. Edgerton,) 


now considered a synonym of C. graminicolum (Ces.) G. W. Wils., is 
common on the sorghumS; especially Sudan grass in the temperate zones. 
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Symptoms and Effects —The disease is apparent as a red rot on the 
leaves, stalks, and stubble of the sugarcane (Fig. 54). The conspicuous 
red linear lesions are common on the midrib, especially during the latter 
part of the growing season. The stalk rot is less conspicuous from the 
exterior. In the split stalk, the longitudinal reddening of the internodal 
tissues interrupted by occasional white areas extending across the stalk 
tissue is the typical symptom. Stalk rotting is common in the cane after 
cutting, according to Edgerton and.Carvajal (1944). Rotting of the 
young shoots on cuttings and reduction in stand is common during periods 
of cool weather, Edgerton et al. (1937) reported reduction in stands and 
yields ranging from negligible in resistant to severe in susceptible varieties. 
Sugar yields are lowered by the stalk rot because of the inversion of 
sucrose. 

The Evingns.— Physalospora tucumanensis Speg, 

(Colletotrichum falcatum Went.) 

Mycelium in culture is white to dark gray with a cottony texture in the light type 
and dark gray with compact texture in the dark type. Thick-walled vegetative resting 
cells (chlamydospores) are more abundant in the latter type. The conidia are borne 
in stromata or singly in culture. On the midrib lesions, they are formed in poorly 
defined acervuli intermingled with dark setae. Conidia are one-celled, mostly falcate, 
17 to 33 microns long (16-48 by 4-8 microns, range reported by Abbott 1938), and 
hyaline to pinkish in mass. Perithecia are submerged, scattered, and irregular in 
shape, 100-260 microns wide by 85-250 high, with a small portion of the ostiole 
protruding. Asci are clavate, thickened at the apex. Ascospores are irregularly 
biseriate, single celled, straight or fusoid, elliptical to ovate at maturity, and usually 
measure 18-22 by 7-8 microns. Paraphyses are abundant, septate, delicate, and 
extend to the ostiole. 

The present evidence indicates two species common on the Gramineae: 
Physalospora tucumanensis (Colletotnchurnfalcatum) on the sugarcane and 
C. graminicolum on the small grains, Sudan grass, and many other grasses 
(see Anthracnose on rye, Chap. VIII). 

Control, — Resistant varieties reduce the loss from red rot. Soil 
preparation and fertilization assist in producing a strong young plant 
growth, especially during the cooler season. Edgerton and associates 
(1942) described a hot-water treatment useful in controlling the infection 
in cuttings, but apparently predisposing to infection and rotting when 
seed canes were inoculated after treatment. 

12, Helminthosporium Eye Spot and Brown Stripe, Hehninthosporium 
sacchari (Breda de Haan) Butl. and Cochliobolus stenospilus (Carpenter) 
Matsu, and Yamamoto {H. stenospilum Drechs.). — The eye spot is 
widely distributed on sugarcane, lemon grass, Cymbopogon citratus (DC.) 
Stapf., and Napier grass, Pennisetum purpureum Schum. This is 
probably the common leaf spot of the group described on sugarcane. 
The brown stripe caused by Helminthosporium stenospilum Drechs. is 
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I apparently less widely distributed and according to McRae (1933) is 

•; closely allied with the eye spot in both symptoms and morphology of the 

! funguS; although the symptoms and the reporting of the ascigerous stage 

i of the latter fungus by Carpenter differentiate the two fungi. Priode 

: (1931) described a target blotch on sugarcane in Cuba differing somewhat 

in symptoms from the other leaf blights. Paris (1928) , Lee and associates 
(1926)V McRae (1933), Mitra (1930, 1931), Parris (1942), and others 
have reported on the symptomology of the leaf spots and the morphology 
of the fungi. 

; The initial spots of eye spot are yellow to brown. As the lesions 

spread,' they become oblong to linear, reddish brown to red, and show 
: gray centers when the fungus is sporulating. Streaks or runners extend 

from the spots toward the leaf tip. The lesions spread rapidly under 
. favorable conditions, causing death of the leaf blade and sheath. Stem 

'■ • cankers occur in Napier grass. The brown stripe apparently differs in 

^ ' less zonation and more restricted widening of thb^lesions and the absence 

’of streaks or runners. 

f The Fungi. — Helminthosporium sacchari (Breda de'Haan) Butl. 

. (Ccrcospora sacc/ian Breda de Haan) ~ 

( Helminthosporium ocellum Paris) 

The conidia are gray to brown, tapering toward the ends, straight or slightly curved, 
vary considerably in size, and germinate from the end cells. Specialization occurs 
within varieties and between species of the suscepts. 

Cochlioholus stenospilus (Carpenter) Matsu, and 
I?, Yamamoto 

(Helminthosporium stenospilum Drechs.) 

The fungus differs from Helminthosporium sacchari somewhat in conidial shape and 
• * is apparently restricted to sugarcane. The ascigerous stage with the coiled ascospores 

is similar to the other species of this genus. 

Resistant varieties or hybrid selections offer the best means of control , 
of this disease complex. 

13. Smut, Ustilago scitamdnea (Rabh.) Syd. — The sugarcane smut is 
present in the Pacific area, Asia, and South America. The smutted 
j' plants are stunted and develop a whip-like smut sorus from the apex of 

the cane. The elongate sorus consisting of tissues of the apical bud or 
the inflorescence and the black spore mass is the typical symptom. The 
slender canes of the Saccharum sinense or slender Asiatic type are the 
I • most susceptible. The disease causes severe damage to sugarcane in the 
! Tucuman district of Argentina. 

' The Fungus. — Ustilago scitaminea Syd, 

( Ustilago sacchari Rabh.) 
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The morphology of the fungus and the description of similar species on Erianthm sp. 
are given by Hirschhorn (1941). Chlamydospores are olivaceous to brown, globose 
or irregular, 4 to 9 microns in diameter, smooth or with fine papilla on the surface. 
Many hyaline or brown single or joined sterile cells are present with the spores. 


The disease is controlled by the use of smut-resistant strains of sugar- 
cane./ 
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CHAPTER XI 
WHEAT DISEASES 


The cultivated wheats of the world comprise several species. However, 
only three species are of major importance commercially; ix.^ common 
wheat, Triticum aestivum L. or T. vulgare Vill.; club wheat, T. compactum 
Host., both hexaploids; and the durum wheat, T. durum Desf., a tet- 
raploid. Varieties of the common wheat represent the major acreages in 
most countries. In the genus Triticum^ as in the other small grains, the 
basic chromosome number is seven pairs. The genus represents a poly- 
ploid series with the important cultivated species in the 14 and 21 
chromosome pair groups. The following table includes the Triticum 
spp. divided into the three chromosome groups. 


Diploid Series, 
7 Chromosome 
Pairs 

T. aegilopoides Bal. 
T, monococcmn L. 
T. thaoudqr Reu. 


Tetraploid Series, 
14 Chromosome 
Pairs 

T. dicoccoides Korn. 
T, dicoccum Schubl. 
T. durum Desf. 

T. turgidmn L. 

T. pei'sicum Vav. 

T. orientale Perc. 

T. pyramidale Perc. 
T. timopheevi Zhuk. 


Hexaploid Series, 

21 Chromosome 
Pairs 

T. spelta L. 

T. vulgare Vill. or 
T. aestivum L. 

T. compactum Host. 

T. sphaerococcum Perc. 
T. macha Decap. 

T. vavilovi Jackub. 


The species highly resistant to the major wheat, diseases are found in 
the diploid and tetraploid series. Vavilov (1914) attempted to show that 
the Triticum monococcum wheats were the most resistant to the rusts and 
powdery mildew, the T. durum groups somewhat less resistant, and the 
T. vulgare group most susceptible. The emmer group {T, dicoccum) is 
resistant to many races of the fungi causing leaf rust, stem rust, powdery 
mildew, and bunt. T. timopheevi^ an emmer-like wheat, is resistant to 
races of these same fungi and apparently possesses a genom not present 
in other tetraploid wheats or as yet detected in the hexaploid species. 
Interspecific crosses are made to transfer these resistance factors to the 
T. vulgare wheats. The earlier literature was summarized by Clark 
(1936). Ausemus (1943) and Roemer et ah (1938) have discussed the 
resistance of wheat to the various important parasites. 

During the early years, breeding for resistance to some of the major 
diseases was difficult. The common wheats were not resistant to a 
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sufficient number of physiological races, and only resistant durum and 
emmer parental material was available. The hybrids between these 
latter resistant wheats and the susceptible common wheats resulted in 
high sterility and linkage of undesirable characters. McFadden (1930), 
in the development of Hope and H-44, accomplished the transfer of many 
of the factors for disease resistance into a hard red spring wheat from the 
cross Yaroslav emmer (T. dicoccum) X Marquis {T. vulgare), Hope and 
H-44 are used widely in producing disease-resistant wheats. The cross 
T. timopheevi X T. vulgare is difficult to use, owing to high sterility and 
failure in transferring the disease-resistance factors to the common wheats. 
The direct cross has been made by several breeders, but elimination of 
undesirable characters and the maintenance of all the factors for disease 
resistance have not been accomplished to date (Shands, 1941). Kostoff 
(1936, 1937) reported the production of an amphidiploid (T. timococcurn) 
with the major disease-resistance factors of T. timopheevi and T. mono- 
cGccwn and with 21 chromosome pairs. The cytology and genetics of 
interspecific hybrids in the genus Triticum and intergeneric hybrids with 
AegilopSj Haynaldia, Secale, and Agropyron spp. have been studied 
extensively (Aase, 1930, Kihara, 1937, Percival, 1921, Sando, 1935, 
Thompson, 1934, and Watkins, 1930). 

The wheats are grouped into three classes based on the character of 
growth: winter, intermediate, and spring. The winter and spring 
varieties comprise the major economic ‘groups (Clark and Bayles, 1935). 
The winter wheats, while more hardy than the other cereals excepting 
rye, are limited in their tolerance of winter conditions. The winter 
wheats are grown in North America south of approximately 45"^ latitude. 
Spring-wheat culture starts about 42® latitude and extends northward 
to the northern cultivated areas of Canada. The intermediate types 
occur in localijzed areas in the Southern United States and Mexico. 
World distribution is on a somewhat similar basis, although more inter- 
mediate types are grown in the wheat areas of the Southern Hemisphere. 
The wheats of the world are grouped commercially on the basis of their 
general usage. 

The wheats are recognized in commerce under five general classes. 
The official wheat standards established in the United States and operat- 
ing in world commerce under the “North American contract’^ are recog- 
nized as general wheat classes throughout most of the world. The five 
commercial classes in the United States are as follows: (1) hard red spring 
wheat grown in the North Central States and Canada; (2) durum wheat 
grown in limited areas in the drier sections of the same area as hard red 
spring wheat; (3) hard red winter wheat grown principally in the South 
Central states; (4) soft red winter wheats grown in the more humid 
Eastern states; and (5) white wheats, chiefly intermediate types, grown 
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in the Western states. The distribution of these general commercial 
classes throughout the world falls into similar ecological areas, but it is 
modified considerably by commercial demands, as, for example, the 
extensive durum wheat area in the Mediterranean region, the white 
wheats in Chile and Peru, etc. 

Wheat is grown under a wide range of environmental conditions, 
principally for grain. The crop extends into the drier agricultural areas 
of the world as well as the humid sections (Carlton, 1920, Klages, 1942) . 
Winter hardiness, drought resistance, and quality in addition to disease 
resistance are important in the breeding of wheats. 

Diseases cause large losses in yield and quality. In the United States 
and Canada, reductions in yield and quality from stem rust, especially in 
1904 and 1916, and again in 1935 and 1937, brought a demand for resistant 
varieties. The loss in North Dakota alone in 1935 was estimated at 100 
million dollars. The aggregate loss in the United States and Canada 
caused by these stem rust epiphytotics was in the millions of dollars. 
Estimated average annual losses in the United States due to all wheat 
diseases for the 10-year period, 1930 to 1939, amounted to 10.5 per cent 
of the crop, or over 80 million bushels annually (Plant Disease Survey). 
Disease-resistant varieties are reducing these losses, stabilizing annual 
production, and materially reducing the cost of production. 

1. Frost Injury and Winter Killing.— Frost injury occurs in both 
winter and spring wheat. The damage usually, is localized, although 
occasionally seasonal conditions develop that cause damage over extensive 
areas. The damage occurs more frequently in the northern sections of 
the wheat belts or at high altitudes, and it is usually during the spring 
growing period and again before the wheat is mature. Leaf, crown, and 
young crown roots are injured from spring frosts. The entire leaf blade, 
or bands of tissue are frosted, resulting in loss of chlorophyll and necrosis. 
The frosted crown buds and young roots are first water-soaked, and later 
they show^ necrosis and browning. Frequently these frosted areas 
furnish avenues of entrance for parasitic fungi, especially of the crown-rot 
type, such as Helminthosporium sativum Pamm., King, and Bakke. 
Frost injury during the late summer and autumn is manifest by the 
shriveling and the green color of the pericarp. This type of injury 
affects not only the yield of grain, but also the quality of the crop. 
Fungi, especially Alternaria and Penicillium spp., invade the frosted 
tissues to cause further damage. Frosted grain is graded as damaged, 
and it is discounted on the markets. Frosted kernels are lower in germi- 
nation and seedling vigor. Geddes ei al (1932), Johnson and Whit- 
comb (1927), Newton and McCalla (1934, 1935), and others have dis- 
cussed the types of damage and the effect on composition and baking 
quality. 
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Winter killing consists of two kinds of injury, each associated with 
different environmental complexes. (1) The freezing and desiccation 
of the seedling tissues during periods of low temperature and low relative 
humidity in the absence of snow covering is the more common type of 
winter-wheat injury. (2) The depletion of reserves by high physiological 
activity of the dormant plant tissues and the invasion of the weakened 
tissues by fungi occur in periods of wet, cloudy warm weather or under 
heavy snow covering when the temperature remains above freezing for 
long periods. Wheat varieties respond differently to these two types of 
winter conditions, as shown by Akerman (1927), Salmon (1933), Tumanov 
(1931), and others. Winter wheats developed for winter survival under 
conditions of very low temperatures, dry air, and limited snow covering 
are generally very susceptible to winter injury of the second type when 
the temperatures are around freezing and the snow covering is heavy for 
long periods. The relation of storage reserves, bound water, and other 
physiological and chemical factors to cell killing, tissue rupturing, and 
tissue desiccation are discussed by Harvey (1935), Levitt (1941), Maxi- 
mov (1929), Newton and associates (1924, 1931), and others. 

Winter killing is due to a complex of factors that vary in different 
regions. The prevention of winter killing is associated with proper soil 
conditions and adapted varieties. The development of winter-resistant 
varieties is the best means of controlling this loss, as discussed by Clark 
(1936), Quisenberry (1931), Quisenberry and Clark (1929), Salmon 
(1933), and others. 

2, Gray Speck, Nonparasitic.*— The gray speck or yellow-gray leaf 
spotting of wheat due to soil mineral deficiencies in alkaline organic soils 
is common in both winter and spring wheats. The disease is manifest 
frequently on wheat and oats in the United States, although it is of minor 
importance. The symptoms and control are discussed in Chap. VI. 

A leaf necrosis with similar symptoms was described by Straib (1935) 
as due to gene mutations in the Kolben wheat lines and in a number of the 
tetraploid wheats. Environment influenced the expression and severity 
of the necrosis. 

3, Mosaics, Infectious Viruses, Soil-borne, Vector Uncertain.— The 
wkeat mosaic is reported in the United States, Egypt, Russia, and Japan. 
Apparently it is scattered widely in limited areas and is associated with 
certain soil types and wheat varieties. The disease is of minor impor- 
tance in the United States due to the high resistance of most important 
commercial varieties. Certain varieties of the other cereal crops and 
related grasses are mildy susceptible. Zazhurilo and Sitnikova (1939, 
1940) reported the yellow mosaic as severe in southern Russian wheat 
fields. 

Description. — The yellow and green types of mosaic are described by 
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McKinney (1937) and Wada and Pukano (1937). The former author 
listed seven mosaics on wheat based on symptoms on different varieties. 
The symptoms in both the yellow and green mosaics vary greatly with 
varieties. The yellow mosaic is characterized by the light yellowish-green 
mottling and striping, with dwarfing and excessive tillering in some varie- 
ties. The green mosaic is evidenced by the dark bluish-green color, with 
less distinct white mottling and striping and resetting in some varieties. 
Intracellular bodies are present in the cells of the mosaic tissues (McKin- 
ney et oL, 1923, and Wada and Pukano, 1934, 1937). The latter authors 
described a difference in the intracellular bodies in the two mosaics. 
These mosaics are transmissable. 

The method of transmission of the viruses in nature is uncertain. 
McKinney (1923, 1930) and Webb (1927, 1928) have shown transmission 
through the soil. Soils from mosaic-infested areas are capable of inducing 
the diseases even when enclosed in insect-proof cages. Soil, treated with 
heat or chemical disinfectants, does not induce the disease. Soil environ- 
mental conditions are important in the expression of the disease. The 
mosaics are transmitted by juices from diseased plants introduced 
mechanically into the crown and root tissues. Sukhov and Petlyuk 
(1940) and Zazhurilo and Sitnikova (1939, 1940) reported transmission of 
the oat mosaic by Delphacodes straitellus (Pall.) and the wheat mosaic by 
Deltocephalus striatus (Linn.). The latter leaf hopper is very similar to 
the vector of the rice mosaic, and it was reported by the latter authors as 
capable of transmitting the wheat mosaic to rice among other grasses. 
No insect vector has been associated with the diseases in the United 
States. 

Control of the wheat mosaics in the United States is accomplished by 
the use of resistant wheat varieties, according to McKinney e^aZ. (1925) 
and Webb et al. (1923). The diseases develop aggressively only on 
certain soil types, especially those high in organic matter and in areas of 
moderate winters. 

4. Black Chaff, Xanthomonas translucens f. sp. undulosa (E. F. Sm., 
L. E. Jones, and Reddy) Hagb.— The disease is distributed widely on 
wheat. Damage is usually very light, as the disease rarely occurs in 
epiphytotics over extensive areas. Black chaff is frequently a complex 
of diseases when it occurs in association with pseudo-black chaff and 
brown necrosis on Hope and H-44 and derivatives from hybrids with 
these wheats. Hart and Zaleski (1935), MePadden (1939), and others 
have shown that the brown necrosis or melanistic reaction of these latter 
wheats and hybrid selections from these wheats carrying the mature 
plant factor for stem rust resistance is in some instances a type of reaction 
to stem rust. Melanism is induced in high temperature and humidity in 
the Hope and H-44 wheats, as shown by Broadfoot and Robertson (1933), 
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Hagborg (1936), and Johnson and Hagborg (1944). Apparently this 
type of necrosis as well as black chaff was considered by Goulden and 
Neatby (1929), Hayes et al. (1934), and perhaps some of the reports from 
other countries as the Hope and H-44 wheats are used widely in breeding 

for resistance to stem rust. ^ 

The bacterial black chaff occurs on the floral bracts, culms, and leaves 
of wheat, rye, and some grasses (Hagborg, 1942, Wallin, 1946). On the 
lemma, including the awn, the lesions appear as small, linear to striated 
brown to black spots frequently coalescing to blacken the lemma." On 
the rachis and culm the lesions are longer and striated after they coalesce 
The leaf lesions are light brown, translucent in the centers, irregularly 
linear, and frequently coalesce to form blotches. The young lesions on 
all tissues are water-soaked, and as they mature, pigmentation occurs 
and droplets or scales of exudate appear on the surface of the lesions as 
described by Smith (1917), Smith et al. (1939), and Wallin (1946). ’ 

The 'Bmi&nnm.— Xanthomonas translucens f. sp. undulosa (E. P. Sm 
L. R. Jones, and Reddy) Hagb. ' 

[Phytomonas translucens var. undulosa (E. F. Sm. 

L. R. Jones, and Reddy) Hagb.] ’ 

{Bacterium translucens var. undulosum E. F. Sm. 
L. R. Jones, and Reddy) ' ’’ 


The short rods usually with one polar flagellum are similar in 
species described on barley. The physiology of the variety differe 
variety shows specialization on wheat. 


morphology to the 
somewhat and the 


(Chap 111)°^^ ^ bacterial blight of barley 

5. Basal Glume or Spikelet Rot, Pseudomonas atrofaciens (McCull ) 
btapp.-The (hsease occurs in most of the wheat-growing sections of the 
world, especially where moisture is prevalent during the heading of the 

n oon^ importance, as reported by McCulloch 

( ) and Noble (1933). ^ The light-brown bacterial rot at the base of 

tne spikelet is not conspicuous unless examined closely When the 
disease is severe, the rot extends into the rachis and into the base of the 
kernels. _ The lesions appear depressed and the tissues partly eroded 
with an inconspicuous gray bacterial exudate present in the sunken areas 
These symptoms are distinctly different from those of “black point” 

fTemmr,?fv and other fungi, although the latter 

iymptomi ' “ with the bacteria to produce atypical 

The Bacterium.— Pseudomonas atrofaciens (McCull.) Stapp 

[Phytomonas atrofaciens (McCull.) Bergey et al] 
{Bacterium atrofaciens McCull.) 
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The colonies are white in culture and consist of short cylindrical rods with one to four 
polar flagella. 

The etiology and control of the disease is similar to that of the bacterial 
blight of barley (Chap. III). 

6. Pythium Root Rotj Pyihium Spp. — The Pythium root rots are dis- 
tributed throughout the world on wheat, the other cereals, and grasses 
and especially on the fine prairie and loess soil types of North America. 
Under moist soil conditions and continuous cereal and grass culture, these 
browning root rots cause considerable damage (Ho and Melhus, 1941, 
Sprague, 1944, Subramanian, 1928, Vanterpool and associates, 1930, 
1932, 1935, 1938, 1940, 1942). The characteristic symptom of the disease 
is the light-brown soft rot of the rootlets and roots and the pale-green 
stunted growth of the tillers. The sporangia and oospores are abundant 
in the freshly rotted roots. A severe development of the disease results 
in a soft rot of the leaf sheaths and cortical tissues of the crown below the 
soil surface and the browning of the leaves. 

The Fungi. — A number of morphologically similar species of Pythium 
occur as parasites on the Gramineae. The more prevalent are the 
following: 

arr/ienomanes Drechs. 

Pythium tardicrescens Vanterpool 
Pythium graminicolum Subr. 

Pythium aristosporium Vanterpool 
Pythium volutum Vanterpool and Truscott 

These closely related species are differentiated by Drechsler (1936), Middleton (1943), 
and Vanterpool (1938) by minor differences in morphology. The general morphology 
is given in Chap, IV. 

Etiology. — These Pythium spp. develop in the soil in association with 
roots and crop residues of the cereals and grasses. The aggressive para- 
sitism of these fungi apparently is conditioned in part by their predomin- 
ance in the soil microflora, or conversely by the absence of microorganisms 
that function dominantly in utilizing the nutritive constituents in the 
crop residues or that produce antibiotic substances inhibiting the develop- 
ment of the Pythium spp. The physiological condition of the cereal and 
grass plants especially as it affects root development and composition is 
important in determining both root invasion and the extent of root re- 
generation. The development of root rot is increased by a number of 
environmental factors, such as tightly compacted fine soils, high nitrogen 
in relation to phosphate, continuous cropping of cereals, or wheat and 
summer fallow. Garrett (1944), Simmonds (1941), and others have re- 
viewed the literature and discussed the physiology and pathology of this 
type of parasitism. Further investigations are necessary on the etiology 
of this group of fungi and their control. 
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Control — The methods of control of the Pythium root rot are inade- 
quate at present. Wheat varieties show differences in reaction to the 
disease, but resistance under conditions favorable for the disease has not 
been demonstrated. Legumes in the crop-rotation system help reduce 
the damage. Balanced soil fertility is important in the control of the 
disease. 

7. Downy Mildew, Sclerospora macrospora Sacc. — This downy mildew 
occurs in occasional locally restricted outbreaks on the cereals and grasses 
throughout the world. While it exists as a potential menace, especially 
to wheat and oats, the restricted and sporadic development of the disease 
in the Southern, Central, and Eastern United States probably indicates a 
continued minor relationship in cereal and grass production. ' The de- 
structive potentialities of the disease under favorable environmental con- 
ditions are sufficiently great, however, to warrant careful watch for its 
occurrence and spread. 

Symptoms. — The infected plants are erect, yellowish green, somewhat 
dwarfed, and they tiller excessively. The leaves are thickened, remain 
erect, and develop in a close whorl around the culm due to reduced inter- 
nodal elongation and the stiff thickened conditions of the leaf blade. 
Many of the infected tillers turn brown and die. Disintegration of the 
parenchymatous tissue and shredding of the leaves is uncommon. The 
large brown oospores held rather permanently in the inesophyll tissue 
between the veins of the leaf blade and sheath constitute the important 
diagnostic symptom. 

The Fungus. — Sclerospora macrospora SRaa. 

The conidial stage of the fungus is rare. The oospores are imbedded firmly in the 
mesophyll and parenchyma of leaf and culm. The oospores are light yellow, large, 
about 60 microns in diameter, globose, and smooth- walled. Peglion (1930) described 
the germination of the oospores by the formation of a large papillate conidium or spor- 
angium containing zoospores. The free oospores as -well as those imbedded in the leaf 
tissues apparently germinate in the same manner. 

Etiology. — The oospores remain viable for long periods within the dead 
tissue, and they are capable of causing infection under favorable con- 
ditions. The localized sporadic occurrence of the disease and the type 
of oospore germination indicate the high moisture requirements of the 
fungus in relation to infection. The differences between the general dis- 
tribution of Sclerospora graminicola in which the oospores form a germ 
tube and the limited occurrence of S. macrospora in which the odspores 
produce motile zoospores is explained in part by this difference in ger- 
mination and the requirement of abundant free moisture for zoospore 
distribution and infection in the latter parasite. Good surface drainage, 
soil preparation, and crop rotation are the obvious means of control. 
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Temporary elimination of susceptible crops, wheat, oats, and grasses, in 
locally infested areas is recommended. 

8. Powdery Mildew, Erysiphe graminis iritici EL Marchal.— Wheat 
and barley are the chief cereals damaged appreciably by powdery mildew. 
See Chap. Ill for the complete discussion. The disease is prevalent on 
winter and spring wheats during periods of cool, cloudy weather. Heavy 
mildew infection, especially during the period of tillering and internodal 
elongation of the plant, reduces the size of kernels and yield of grain. 
Allen and Goddard (1938), Allen (1942), and the Treleases (1929) have 
studied the influence of powdery mildew on the metabolism of the wheat 
plant. Apparently a low ratio of carbohydrate supply to nitrogenous 
compounds in the wheat tissues increases mildew development and 
damage. The respiration activity of infected tissues is increased, which 
further depletes the total available carbohydrates in the plant, although 
there is a localized accumulation of carbohydrates in* the infected cells. 
Root development and size of grain are reduced, owing largely to the 
constant deficit of available carbohydrates. Cherewick (1944) has shown 
that the effect of light and temperature upon the physiological condition 
of the wheat plant influences the initial stages of fungus infection more 
than disease development after infection. 

Physiologic specialization of the parasite is developed highly on the 
cereals and grasses (Graf-Marin, 1934, Mains, 1933, Marchal, 1902 and 
1903, and Vallega and Cenoz, 1941). Two physiologic races of Erysiphe 
graminis tritici occur commonly on wheat in the United States and one 
race in Canada. Norka (C.I. 4377) and Axminister (C.I. 1839) are re- 
sistant to race 1 and susceptible to race 2. Vallega and Cenoz (1941) 
described three races in Argentina differing from those in the United 
States. Chul (C.I. 2277) is susceptible to two, and Dixon (C.I. 6295) is 
susceptible to all three races. Schlichtling (1939) listed six races in 
Germany. Chul (C.I. 2277), Dixon (C.I. 6295), Hope (C.I. 8178), Huron 
(C.I. 3315), Sonora (C.I. 4293) are resistant to the two races in the United 
States. The newer soft red winter-wheat varieties produced in the United 
States are mostly resistant to intermediate in reaction to powdery mildew. 
The recent spring-wheat varieties are largely resistant to intermediate, 
although Thatcher (C.I. 10003), Mida (C.I. 12008), Rival (C.I. 11708), 
and Henry (C.I. 12265) are susceptible. 

Varieties of Triticum monococcum o^nd T, timopheevi are resistant to the 
races occurring in the United States and Argentina. Mains (1934) has 
shown that at least two independent factor pairs are associated with 
powdery mildew resistance in wheat. The disease is discussed in detail 
in Chap. III. 

9. Ergot, Glaviceps purpurea (Fr.) TuL— -Light infections are common 
in wheat in most humid and semihumid sections. Some varieties of 
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Triticum mlgare nnd a larger number of T, durum are susceptible, and 
occasionally these are damaged by ergot, especially in the durum wheat 
areas of North America. The detailed discussion of. the disease is given 
inChap. VIIL , ' 

10. Gibberella and Fusarium Blight or Scaby Gibberella and Fusarium 
Spp — The disease occurs on the cereals and grasses in the temperate 
humid and semihumid areas of the world. Fusarium head blight causes 
severe damage to wheat, especially where temperature and relative humid- 
ity are high during the heading and blossoming periods. Stand, yield, 
and quality are affected by the disease. The scabbed wheat kernels are 
removed by modern cleaning equipment; therefore, the diseased kernels 
do not occur in large quantities in commercially milled wheat products. 
The scabbed kernels separated out are used chiefly for poultry feeds. The 
growth of the Gibberella and Fusarium spp. in the developing kertiel re- 
sults in the formation of compounds that act as strong emetics in man, 
pigs, dogs, and animals with similar digestive systems. The exact chem- 
ical nature of the substances is not known, although the specific biological 
action on the nerve center controlling the stomach muscles is ascertained. 
The physiological effects are manifest by violent nausea, dizziness, and 
temporary irritation and soreness of the stomach and intestinal mem- 
branes. Continued intake results in loss of appetite and general digestive 
disturbances. Pigs and dogs fed 10 per cent or more of badly scabbed 
grain vomit and then refuse the grain mixture. In Russia where the in- 
fected grain was used extensively for bread, the reaction was known as 
^intoxicating bread’’ (Agronomoff, 1934, Gabrilovitch, 1906, Naumov, 
1916, Shapovalov, 1917, and others). Cattle, sheep, and poultry, with 
the exception of the pigeon, do not react to the infected grain. 

Symptoms and Effect. — The disease occurs as a seedling blight, foot 
rot, .and head blight. The blighted seedlings are characterized by a 
light-brown to reddish-brown water-soaked cortical rot and blight either 
before or after emergence (Fig. 55). The crown- and culm-rot phase of 
the disease occurs as the plants approach maturity. The head blight is 
conspicuous before the spikes mature. The infected spikelets first appear 
water-soaked, followed by the loss of chlorophyll, and a final bleached 
straw color (Fig. 55) . During warm, humid weather, conidial develop- 
ment is abundant and the infected spikelets show a pink or salmon-pink 
cast, especially at the base and in the crease of the kernel. The infection 
frequently spreads to adjacent spikelets or through the entire spike. 
Perithecia develop on the infected floral bracts in some varieties of wheat 
under conditions of continued warm, wet weather (Fig. 56). The in- 
fected kernels are more or less shriveled, with a scabby appearance due 
to the tufty mycelial outgrowths from the pericarp, and they range in 
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color from white, pink, to light brown, depending upon the time of in- 
fection and environmental conditions during disease development. 

The Fungi.— Several species of Gibberella and Fwsanwm are associated 
with the disease. Only the more important are listed below: 


■Head blight or scab of wheat caused by Gibberella zeae showing the blighted spikes 
(A), seedlings (B), and scabbed kernels (CO. 


1. Gibberella zeae (Schw.) Fetch. 

Fusarium graminearum Schw. Coni dial stage. 
[Gibberella saubinetii (Mont.) Sacc.] 

{Pionnotes flavicans Sacc. and Sacc.) 
(Fusarium graminearum Schw.) ’ 

(Fusarium roseum Lk.) 

[Fusarium bufonicola (Speg.) Sacc. and TrottJ 
(Fusarium rostratum App, and Wr.) 

(Fusarium discolor var. mo jus Wr.) 






(Sphaeria zea Schw.) 

IBotryo^phaeria saubinetii (Mont.) NiessL] 


Fig. 56. — Spikelets of wheat showing the initial contact infection from the anther tissue 
followed by mycelial and conidial development on the lemma and palea (B ) ; perithecia on 
the same structures of Turkey winter wheat (A), 
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(Botryosphaeria dispersa ’Nirs.) 

[Gibbera puUcaris (Fr.) Sacc.] 

(Gibberellatriti^^ 

(Gibbera saubinetii Mont.) 

The mycelium is white to pink within and on the tissues. The conidia are borne in 
sporodochia or pionnotes, sickle-shaped, gradually tapering toward the apex, not con- 
stricted appreciably toward the base, have thin hyaline wails and septations, are gener- 
ally 5-septate, and measure 41-60 by 4.3-6. 5 microns. Thickened vegetative resting 
spores (chlamydospores) are absent. The perithecia are, scattered on the surface, 
somewhat imbedded in the mycelium, smooth at the base with protuberant projections 
near the apex, purplish black to dark blue, and ovoid to subconical varying in size and 
shape. Asci are numerous, cylindrical, tapering to the base and hyaline. Ascospores 
are regularly eight, borne in one or two irregular rows, fusiform, slightly curved, largely 
tliree-celled, and measure 20-30 by 3.4-5.0 microns. 

2. Fusarium culmorum (W. G. Sm.) Sacc. 

(Fusisporium culmorum W. G. Sm.) 

(Fusarium culmorum var. leteius Sher.) 

(Fusarium culmorum var. majus Wr.) 

(Fusarium heidelbergense Sacc.) 

(Fusarium mucronatum Faut.) 

(Fusarium neglectum Jacz.) 

(Fusarium roseum YSiV. rhei KsiTst.) 

(Fusarium rubiginosum App. and Wv,) 

(Fusoma ochraceum Gorda.) 

(Fusarium sambucinum Fuckl.) 

(Fusarium schribauxii Del.) 

(Fusoma tenue Grove) 

(Fusarium versicolor Sacc.) 

The conidia are borne the same as in the previous species. The conidia are somewhat 
wider and longer than in the previous species, slightly constricted toward the base, 
5-septate when mature, and measure 30-50 by 4.8-7.5 microns. Thick-walled vegetative 
resting spores (chlamydospores) are common. No ascigerous stage is known. 

3. Fusarium cuhnorum var. cereale (Cke.) Wr. 

(Fusarium cereale Cke.) 

[Fusarium cerealis (Cke.) Sacc.] 

(Fusarium equiseti var. crassum Wy.) 

The variety differs from the species by longer conidia, frequently with seven to nine 
septations. 

4. Fusarium avenaceum (Fr.) Sacc. 

The synonymy of this species is lengthy and complicated, as reported 
by Woilenweber and Reinking (1935). 

The conidia are borne similarly to the previous two species. The conidia are much 
narrower and more tapering toward the apex than in the previous species, usually 
3- to 5-septate, and measure 45-66 by 3. 1-4.1 microns. Vegetative resting spores 
^chlamydospores) are uncommon. 
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Snyder and Hansen (1945) combine these species and others undei 
Fusarium roseum ilk,) Snyder and Hansen and the forms pathogenic on 
the cereals under forma cerealis. Both long usage of the former binomials 
and the distinct differences in morphology of these several species of 
Fusarium and Gihherella argue against the acceptance of the species com- 
bination in this case. 

Etiology. — Gibberella zeae ((?. sauhinetii) is the common species on 
wheat in the corn belt of North America, with the other species more 
prevalent northward into Canada. A similar distribution occurs in Europe. 
In Asia, 6. zeae is common in the Pacific coastal area and the other species 
in the northern interior. 

This group of fungi are associated closely with crop residues of the 
cereals. The mycelium develops abundantly on the residues following 
maturity of the crop until the tissues are disintegrated the following 
season. Conidial development is profuse when conditions are favorable. 
Perithecial development in the corn belt occurs sparingly in the autumn 
but is abundant on the corn and small-grain straw and stubble the follow- 
ing late spring and summer. In warmer climates, the development of 
perithecia is abundant during the autumn and early spring. Seedling in- 
fection is from seed-borne inoculum and from the crop residue. Grown 
tissues are invaded largely from the mycelium in the crop residue. Head 
blight occurs during moist, warm seasons from conidia and ascospores 
produced on the crop residues, especially when such refuse is on the soil 
surface. The initial invasions of the developing kernels frequently are 
from contact infection of the mycelium growing saprophytically on de- 
hisced anthers (Fig. 56). The spores are carried considerable distances 
by wind and air currents. Secondary infection is from conidia and my- 
celium, as reported by Dickson (1941), Koehler et al. (1924), Pugh et al. 
(1933), and others. Warm, moist conditions are important in relation 
to perithecial development and in influencing seedling- and head-blight 
development (Bayles, 1936, Dickson, 1923, Garrett, 1944). 

Control. — Crop rotation, sanitation, soil preparation, and seed treat- 
ment are important control measures. Covering the crop residue com- 
pletely when plowing and treating the seed with the organic mercury 
compounds aid in the control of head blight and seedling blight, respect- 
ively. Wheat varieties vary greatly in susceptibility; however, no highly 
resistant wheats are known. Christensen et aL (1929), Scott (1927), and 
others have listed the scab reaction of spring and winter wheats. 

11. Snow Mold, Foot Rot, and Head Blight, Calonectria graminicola 
(Berk, and Br.) Wr. — The disease occurs uncommonly in the Northern 
United States and Canada; it is common in northern Europe and Asia 
where it causes considerable damage. Winter wheat and rye and the 
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: grasses are damaged in areas where the snow covering is heavy and the 

soil temperatures are mild. 

Symptoms and Effects —The fungus is conspicuous on the leaf and 
crown tissues of the winter cereals and grasses as the snow is melting in 
' the spring. The white superficial mycelium is abundant under moist 

conditions. Penetration and killing of the leaf and bud tissues result in 
bleaching and drying out of these plant parts. Frequently local areas 
or spots show the killing with healthy plants adjoining. Conidia of the 
Fusarium stage of the fungus are present on the dead tissues. Several 
other fungi cause similar symptoms but are differentiated by types of 
mycelium, conidia, or sclerotia. The crown rot stage of the disease is 
inconspicuous and frequently associated with other fungi. The head 
blight also is less noticeable, as frequently individual kernels are infected 
I without extensive blighting of the floral bracts. The kernels are shriv- 

j eled and light brown in color. 

I The Fungi. — 1. Calonectria graminicola (Berk: said By.) Wr. 

I Fusarium nivale (Fr.) Ces. Conidiai stage 

I ^ {Nectria graminicolaBevk, 

{Calonedria nivalis Schaf.) 

[Fusarium nivale (Ft,) CeB.] 

(Lanosa nivalis Ft,) 

{Fusarium hibernans Lind,) 

(Fusarium minimum Fnckl,) 

(Fusarium loliaceum Due,) 

I (Fusarium miniatulum Bb,cc.) 

I (Fusarium miniatum FtHI, nnd DeL) 

(Fusarium oxysporum Klot.) 

’ (Fusarium secalis Jnez.) 

[Fusarium tritici (Lieb.) Eriks.] 

; (Fusarium ustiliginis FloBtT.) 

\ The mycelium is abundant, white to gray in superficial mass. The conidia are borne 

in sporodochia or pionnotes, light-salmon color, thickly sickle-shaped, tapering at the 
apex, usually 3-septate, and average about 23 by 3 microns. Perithecia are scattered 
on the surface or within the mycelial mat, frequently associated with clumps of sterile 
mycelium, round to oval, nearly smooth, and dark red or reddish brown in color. Asci 
are numerous, cylindrical, tapering gradually to the base, and hyaline. The eight as- 
; cospores are borne in one or two irregular rows in the ascus. They are spindle shaped, 

' 1- to 3-septate, and average about 15 by 3 microns. Vegetative resting spores and 

sclerotia are absent. 

2. Calonedria graminicola var. negleda Krampe. 
(Fusarium nivale var. majus Wt.) 

I The conidia are larger and thicker than in the species, without the pronounced tapering 

I at the apex. The asci are much shorter than in the species. 

f 

■ ■ 

I 
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Snyder and Hansen (1945) have combined all species of Section Arach- 
nites of the genus Fusarium under the hmomml C alonectria nivale ¥f. 
[F. nivale (Fr.) CesJ and used the trinomial G^ nivale i, graminicola (Berk, 
and Br.) Snyder and Hansen for the cereal pathogenes. 

Under the same environmental conditions, other species of Fmarium 
frequently produce similar symptoms, as described by Wollenweber and 
Reinldng (1935). 

The etiology is similar to the other Fusarium diseases of the cereal 
crops. Mycelium, conidia, and perithecia develop on crop residues. 
These fungi are aggressive as parasites only on weakened plants or, more 
specifically, plants depleted in cellular reserves and inactive in vegetative 
development, a condition frequently associated with excessive respiration 
rates and low light intensity. The fungus develops parasitically under 
somewhat lower temperature conditions than the other Fusarium spp. 
occurring on the cereals, with the possible exception of Fusarium cul- 
morum. 

Control measures are similar to the other Fusarium diseases. Soil 
drainage is especially important. In turf grasses, the disease is 
held in check by the use of fungicides. Mercurous chloride is used ex- 
tensively as well as the organic mercury compounds (Dahl, 1934, Samp- 
son, 1931, Schaffnit and Meyer, 1930, and others). 

12. Take-all, Ophioholus graminis Sacc. — The disease is common on 
the cereals and grasses in rather specific areas throughout the world 
(Kirby, 1925). Take-all occurs more commonly in the drier winter- 
wheat sections of Southwestern and Northwestern North America. The 
greatest losses from the disease occur in the porous alkaline soils where 
winter-wheat culture is continuous or associated with the culture of 
grasses and with the breaking of the native grass sod. This is one of a 
complex of diseases attacking the roots, crown, and basal culm tissues 
of the cereals and grasses. The plant parts invaded, the geographical 
distribution, the environmental conditions under which the diseases 
develop, and the fungi concerned are somewhat different for each disease. 
The terms ^^take-alV' 'Tietin,^’ and “Fusskrankheit^^ through common 
usage are associated more "generally with the disease caused by Ophio- 
holus graminis and similar species of this genus, although as shown by 
Garrett (1944) this is not indicated too clearly in the literature. 

Symptoms and Effects. — The symptoms vary greatly under different 
environmental conditions. Under relatively moist conditions, the con- 
spicuous symptoms of take-all appear about the time wheat is heading. 
Localized areas occur in which growth is checked, the green color fades, 
and rapid bleaching of the leaves, culms, and heads follows. This se- 
quence of symptoms is characteristic for the disease under very favorable 
conditions, although not entirely specific for take-all. The main roots, 
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crown, and basal culm tissues show a dry rot accompanied by a dark- 
brown to black surface mat of thick-walled coarse mycelium. This fungal 


Fig. 57. — The base of wheat culms showing the mycelial mat of Ophioholus graminis beneath 
the leaf sheath. A section through the perithecium of 0. graminis, highly magnified, is 
shown in the insert. 


mat is conspicuous especially on the culm base under the leaf sheaths 
(Fig. 57). 
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Under drier conditions the symptoms are less conspiGUOus. The plant 
tillering is reduced, the plants are short, few plants show the dead bleached 
condition, and the mycelial mat is less pronounced. The presence of the 
fungus on the diseased tissues is the only sure criterion (Came and Camp- 
bell, 1924, Fellows, 1928, 1938, Hynes, 1937, McKinney, 1925, Samuel, 
1937). 

The Fwigas.—Ophiobolus graminis Sacc. 

[Ophioholus cariceti (Berk, and Br.) Sacc.] 

The mycelium comprises a limited growth of fine hyphae, grayish in color, and an 
abundant development of coarse, thick-walled, brown to black, irregular hyphae. The 
perithecia are formed in or beneath the leaf sheath with strands of mycelium associated 
with the base and the cylindrical curved beaks extending through the sheath tissues. 
They are round to oblong, black, and about 400 microns in diameter (Fig. 57). The 
asci are nun>erous, elongate, clavate, straight or curved, and numerous thread-like para- 
physes are present in the young perithecium. The mature asci are ejected from the 
perithecium during periods of abundant moisture. The ascus wall disintegrates iu 
contact with free water to liberate the eight spores. The ascospores are hyaline, slender, 
tapering toward the ends, measure 3 by 70-80 microns, and are 5- to 7-septate when 
mature. The production of minute falcate conidia in the germination of the ascospores 
occurs under some conditions. Ophioholus graminis var. Turner is reported on 

oats. 

Wojinowicia graminis (McAlp.) Sacc. and Sacc., weakly parasitic on 
wheat, occurs commonly in association with the take-all disease. The 
smooth-walled pycnidia of W, frequently are confused with the 

perithecia of Ophioholus graminis unless examined carefully. The conidia 
are long, slender, slightly curved, tapering at the ends, many septate, 
and are borne singly on short cells in the base of the pycnidium. 

Etiology. — Ophioholus graminis is soil-borne in rather direct association 
with straw and roots of the cereals and grasses. Garrett (1944) has 
reviewed the literature on the influence of environmental conditions on 
the development of the disease as well as the antagonistic phenomena of 
the microflora on the parasite. Undecomposed cereal straw and roots 
are necessary for survival and parasitic activity of 0. graminis. Infection 
occurs from the active mycelium in the crop residue penetrating the root, 
crown, and culm tissues. The damage is dependent largely upon the 
presence or absence of soil microorganisms that suppress the activity of 
0. graminis] alkaline sandy soils, low phosphate and potash levels, and 
the absence of residues of crops other than wheat apparently suppress 
the soil microflora that inhibit the development and parasitic potentiality 
of 0. graminis, • 

Control. — Crop rotations, involving legumes, other dicotyledonous, 
crops, oats, or corn are important in reducing damage. A balanced 
fertility with a good supply of available phosphate and potash reduces 
losses. Wheat varieties show only small differences in susceptibility to 
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the disease that is associated apparently with adaptability of the varieties 
rather than resistance to the disease. 

13. Foot Rot or Gulm Rot, Cercosporella herpotrichoides Fron. and 
Leptosphaeria kerpotrichoides DeNot. — The disease caused by these two 
fungi is reported in limited areas in northern Europe and the North- 
western United States and western Canada. The two fungi are found 
frequently under the same conditions, but Sprague (1934) and Sprague 
and Fellows (1934) have shown that, in the United States, Cercosporella 
is responsible for most of the damage rather than Leptosphaeria, as 
reported in the European literature. Other Cercosporella spp. cause 
leaf spots and scald on the grasses. 

The disease is conspicuous near the end of the growing season by the 
lodging of the diseased plants. The lesions are evident first on the leaf 
sheath as elliptical to ovate spots with light straw-colored centers and 
brown margins. Similar spots occur on the culm beneath the lesions in 
the sheath. Necrosis also occurs around the roots in the upper crown 
nodes. Under moist conditions the lesions enlarge and a black stroma- 
like mycelium develops over the surface of the crown and base of the 
culms, giving the tissues a charred appearance. When infection occurs 
early, individual culms and weaker plants are killed before the grain is 
mature. 

The Fungi. — 1, Cercosporella kerpotrichoides Fron. 

The conidiophores on the lesions are simple or branched, short, erect, and originate 
from the stromal cells of the macrohyphae. The large ends of the obclavate conidia are 
attached terminally or sub terminally. The conidia are curved slightly, chiefly 5- to 
.7-septate, and measure 30-80 by 1. 5-3.5 microns. No perithecial stage is known. 

2. Leptosphaeria kerpotrichoides DeNot. 

The perithecia are formed beneath the sheath and extend through the sheath tissues- 
They are subspherical with a smooth leathery surface and usually fine papillae around 
the ostiole. The asci are subcylindrical with eight spores. Ascospores are 6- to 8-sep- 
tate, tapering toward both ends, and measure 25-40 by 4-6 microns. No conidial stage 
is known. 

Etiology. — The organisms persist in the diseased tissues and other 
crop residue. The fungi become established in the fall-sown wheat, 
especially when sown early, and they develop whenever environmental 
conditions are favorable. Conidia of Cercosporella are abundant on the 
lesions in the spring and early summer, and they apparently are responsi- 
ble as well as the mycelium for secondary spread. 

Crop rotation, especially legumes, the use of spring grains, and delayed 
fall sowing aid in control of the disease. The wheats and grasses show 
differences in susceptibility, according to Sprague (1934, 1936). 

14 . Crown Rot and Root Rot, Helminthosporium sativum Pamm., King, 
and Bakke and Other Species.— The disease complex caused by this 
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group of fungi is distributed widely on wheat. Frequently, the Helmin- 
thosponum iB associated with species of Fusarium, especially F* cuZmorwm, 
further to complicate the relationship of this group of fungi to the root 
rot and foot rot of wheat. Henry (1924), Hynes (1935, 1937), Simmonds 
(1941), and Stakman (1920) have described the malady and reviewed the 
literature. H. sativum^ under favorable conditions, causes severe damage 
to wheat, barley, and grasses, especially as the plants approach maturity. 
According to Sallans (1940), wheat recovers from the malady when grow- 
ing conditions are unfavorable for the continued development of the 
disease. The disease complex on wheat was discussed by Bolley (1909, 
1913) who associated the increase in prevalence and severity of the 
malady to continuous wheat culture. During the 35 years since this 
warning, the disease has been studied in most of the wheat-producing 
sections of the world. The kernel infection caused by Helminthosporium 
spp. and Alternaria spp. is severe on barley and the durum wheats, and 
certain of the stem rust resistant wheats are relatively susceptible, 
notably Apex (C.L 11636) and Thatcher (C.I. 10003), according to 
Brentzel (1944) and Greaney and Wallace (1943). 

The symptoms and development of the disease are similar on the 
several cereals. They are discussed specifically for Helminthosporium 
sativum in Chap. III. 

The Fungi. — The species of Helminthosporium associated with the 
disease in wheat and barley apparently are diverse. Much confusion 
exists in the earlier literature regarding the species described as occurring 
' on wheat, as reviewed by Drechsler (1923). 

1. Helminthosporium sativum Pamm., King, and Bakke. 

' This predominant species is widely variable. The morphology is 
discussed in Chap, III. Dastur (1942) described Cochliobolus tritici 
Dast. on wheat culms, which likely is synonymous with C. sativus (Ito 
and Kuribay.) Drechs. although dMering somewhat in morphology. The 
other large conidial types of the genus with dark conidial walls and germ 
tubes developing from the apical cells of the conidia that have been 
described on wheat probably differ sufficiently from H. sativum to be 
retained as species. 

2. Hebninthosporium bicolor MitrSi,, 

The conidia are dark grayish brown, heavy walled with the two end cells light colored, 
typically cylindrical with abruptly rounded ends, although sometimes bilobed, straight, 
or slightly curved, 1- to 9-septate (average 5), measure 16.5-79 by 10-20 microns, and 
germinate from the apical cells (Mitra, 1930, 1930). 

3. Helminthosporium halodes var. tritici Mitra. 

Mitra (1930) based the variety on the difference in spore size (23-73 by 13-20 microns) 
and septation (2 to 9) from the species described by Drechsler (1923) on Distichlis spicata 
(L.) Greene, who discussed the similarity to H, sativum. 
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4. Helminthosporium pedicellatum Henry (1924). 

The conidia are broadly fusiform, typically straight, widest near the middle, and taper- 
ing to both ends with a pedicel-like elongation at the base, olive-brown, 1- to 9-septate, 
but normally 7-septate, measure 31-91 by 14.7-29.4 microns, and germinate from the 
apical cells 

Some of the small-spored types transferred to the genus Curvularia by 
Boedijn (1933) occur on wheat and need further systematic study. 

5. Curvularia specif era (Bainier) Boed. {Helminthosporium tetramera 
McK.) 

The conidia are borne in clusters of varying numbers on irregular brown conidiophores. 
The conidia are oblong, symmetrical with rounded ends, light olivaceous to browm, pre- 
dominantly 4-septate, and average 30 by 13.6 microns in size. Hynes (1937) reported 
smaller conidia (23-25 by 8.5-9 microns). Small dark-colored stipes remain attached 
to the conidia instead of the scar on the large-spored types. Germination is usually 
apical. Sclerotia are produced in culture; however, Hynes (1937) was unable to secure 
sclerotial production. 

6. Curvularia ramosa (Bainier) [Helminthosporium M of Henry 

(1924)] 

The conidia are borne as in the previous species. The conidia are irregularly oblong, 
curved to a greater extent on one side than on the other, dark brown. The center cells 
are usually darker than the apical cells, predominantly 4-septate, measure 12-36 by 8-16 
microns, and usually germinate from the apical cells. Other species of this genus and 
small-spored Helminthosporium types are described by Sprague (1944). 

7. Helminthosporium tritici-vulgarisWi^hAkd^do 

This species of the thin-walled conidial type somewhat similar to 
Pyrenophora tritici-repentis Died. {Helminthosporium tritici-repentis 
Died.) has been reported causing a leaf spot on wheat in Japan by 
Nishikado (1929) and occurs in local areas in the United States. 

The conidiophores develop singly or in pairs from the lesion surface and are simple 
with a swollen basal cell. Conidia are thin- walled, cylindrical, with rounded apical 
cells, generally straight or shghtly curved, yellowish browm, 0 to 10-septate, measure 
28.5-183 by 8.9-21.7 microns, and germinate from all cells. 

The etiology and control of the diseases caused by these species is 
similar to that described for Helminthosporium sativum in Ghap. III. 
The literature on the root rots is summarized by Garrett (1944) and 
Simmonds (1941). 

15. Anthracnose, Colletotrichum graminicolum (Ces.) G. W. Wils. — 
The disease occurs on wheat in light soils of low fertility throughout the 
world. Wheat is damaged less than most of the other cereals. The disease 
is discussed in detail in Chap. VIII. 

16. Septoria Leaf Blotch and Glume Blotch, Septoria tritici Rob. and 
S, nodorum Berk. — Two Septoria blotches occur on wheat throughout 
the world. The leaf blotch is generally the more important disease of 
the two as it is distributed over a wider area in both the hard red winter 
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and soft red winter wheat sections of the United States and occurs more 
consistently than glume blotch. Epiphytotics of the glume blotch, 
however, cause severe shriveling of the kernels in occasional seasons in 
the soft red winter wheat section. In Argentina especially, the diseases 
cause kernel shriveling and reduced yields in susceptible varieties. 


-I-<eaf blotch (A) and glume blotch (J5) infection of winter wheat caused by Septoria 
tritid and S. nodorum respectively. 


According to Sprague (1934, 1938, 1944) and Weber (1922), physiologic 
races of these two species occur on some other cereals and grasses. 

Symptoms and Effects. — The leaf blotch appears first as light-green 
to yellow spots between the veins of the leaves. The lesions spread 
rapidly to form light-brown irregular blotches with a speckled appearance 
as the pycnidia develop. The small submerged brown pycnidia in the 
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blotches are the final diagnostic symptom of the disease. Under favorable 
conditions, especially in the late autumn and early spring, defoliation and 
invasion of the crown tissues occur, resulting in weakened or dead plants 
(Fig. 58). Lesions on the culms, floral bracts, and pericarp of the 
kernels are less conspicuous and much smaller, with sparse pycnidial 
development. 

The glume blotch caused by Septeria nodorum occurs more generally 
on the floral bracts and nodal tissues of the culm. The lesions are small, 
linear to oblong, light brown to dark brown in color, and the submerged 
pycnidia less conspicuous due to the darker color of the blotch than in 
the leaf blotch. Examination of the conidia is the only sure means of 
distinguishing between the two diseases. 

The Fungi. — 1. Beptoria tritici Rob. 

{Septoria graminum YSiV. tritici Jyesm.) 

(Septoria cerealis f. tritici-vulgaris Thuem) 

{Septoria tritici Thuem) 

(Septoria triticina UnsLin.,) 

(Septoria tritici Desm.) 

According to Sprague (1944), Roberge, to whom Desmazieres credits the description, 
is the correct authority for the binomial. Two types of mycelium develop; a thin 
hyaline intercellular mycelium and a coarser olivaceous sterile superficial type. The 
pycnidia are subepidermal, usually in the stomatal cavity and subglobose, smooth 
walled, brown to black with slightly raised ostioles. Two types of spores are produced; 
macrospores, which predominate, and* microspores. The macroconidia are slender, 
cylindrical with rounded ends, usually straight, hyaline, 3- to 7-septate, and vary con- 
siderably in size, averaging 50 by 2.2 microns for the spores produced in summer and 
slightly longer during the winter and spring. The microconidia are curved, aseptate, 
hyaline, and measure 5-9 by 1.0-1. 3 microns. These occur in association with the mac- 
roconidia or alone and are not common. 

2. Septoria nodorum Berk. 

(Septoria glumarum TsiSS.) 

(PhomahennebergiiKiih.li) 

(Macrophoma hennebergii Ber. and Vog.) 

The mycelium is branched, irregular, hyaline at first to dark olivaceous when mature. 
Pycnidia are subepidermal, usually in the stomatal cavity, irregular in shape with the 
ostioles stomatal, brown to black, and larger than in the former species. Spores are 
oblong to cylindrical with rounded ends, hyaline, usually 3-septate, and measure on the 
average 26 by 3 microns. Perithecia of Leptosphaeria were described by Weber (1922) 
as associated with the fungus, although the relationship of this ascigerous stage has not 
been demonstrated. 

Etiology. — Spores within the pycnidia and mycelium within the 
tissues persist for long periods of unfavorable conditions. The mycelium 
in infected kernels produces seedling infection, as reported by Machacek 
(1945). The spores are produced, germinate, and cause infection under 
a wide range of conditions. Infection by Septoria tritici is general in 


220 


DISEASES OF FIELD CROPS 


the autumn on the leaves of winter wheat, and the mycelium remains 
active even at temperatures near freezing. Early spring spread of the 
disease is rather general. Infection in the spring wheat occurs from 
spores within pycnidia formed the previous season, spores produced on 
dead wheat refuse during the spring, and from infected seedlings. The 
etiology of the two species is similar. Evidence indicates that S.nodorum 
is less resistant to severe winter conditions and develops at higher 
temperatures than S. tritici. In North America, S. nodorum is prevalent 
in the more southern winter-wheat regions. 

Control.— Crop rotation, sanitation, and plowing under volunteer 
wheat plants in the fail are important control measures. Mackie (1929) 
and others have reported many of the commercial wheat varieties of the 
United States as moderately resistant. Many of the important commer- 
cial varieties of Argentina are susceptible to Septoria tritici. Seed treat- 
ment with the organic mercury compounds kills the fungus borne in or 
on the grain. 

17. Rhizoctonia Blight, Rhizoctonia solani Kuehn and Other Species.— 
The disease occurs on wheat, oats, and many grasses, and it is distributed 
widely throughout the world. While the malady is important in local 
areas, as reported by Goeffrey and Garrett (1932), Hynes (1937), and 
Subramaniam (1928), the disease is of minor importance on the wheat 
crop as a whole. 

Symptoms. — The disease appears im patches in which the plants are 
stunted, and the leaves in many varieties show a purple cast. Plants 
are weakened and killed or more generally recover, in which case maturity 
is delayed and yield is low. The tan-colored cortical rot of the root 
system and tan zonate lesions on the basal leaf sheaths are the conspicuous 
symptoms. The characteristic mycelium of the fungus is present in the 
rotted tissues and root stubs near the crown. 

The Fungus . — Rhizoctonia solani Kuehn 

The Corticiwm or Pellicularia sta,ge is not common on the cereals and grasses. 

The mycelium is white and brown intermixed. The young mycelium branches char- 
acteristically at acute angles with a constriction of the mycelium at the union and a 
septum in the mycelium at the constriction. The dark-gray to black irregularly shaped 
sclerotia are uncommon on the diseased roots, but they occur more frequently on the 
sheath tissues. They usually germinate to form mycelium. The Corticium stage con- 
sists of the club-shaped basidia with four apical sterigmata bearing sporidia that are 
hyaline and oval with tapering base. Rogers (1943) suggested the binomial Pellicularia 
filamentosa (Pat.) Rogers for the basidial stage of Rhizoctonia solani. 

Peltier (1916) has described the fungus on numerous plants. Dickinson 
(1930), Monteith (1926), and others have described the disease and its 
control on the grasses used for golf greens. As in most other crops, the 
disease develops best at low temperatures. 
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The rotation of crops, as the graminicolous strains of the fungus are 
rather specific in parasitism, and balanced soil fertility are important 
control measures. The use of chemicals, such as mercurous chloride, 
is practical as a control measure on lawn and golf grasses. 

18. Typhiila Blight, Typhula itoana Imai and T. idahoensis Remsberg. 
— This disease develops under rather special environmental conditions 
and, therefore, is restricted in its occurrence. The blight occurs on the 
winter cereals and grasses during periods of heavy snow covering or 
cloudy weather with temperatures remaining slightly above freezing. In 
this respect the disease is similar to the snow mold caused by Fusarium 
spp., but apparently the two diseases are not found commonly in the* 
same areas. The Typhula disease on wheat, especially, occurs in the 
intermountain valleys at relatively high altitudes. The disease is dis- 
tributed more generally on the grasses and is world wide in occurrence. 

Symptoms. — The Typhula blight is conspicuous as the snow disappears 
as a felty white mycelial mat over the plants and adjacent soil. The 
presence of numerous light- to dark-brown spherical sclerotia as the 
mycelium matures is the characteristic symptom. The plants overrun 
by the mycelium gradually lose the deep green color, wither, and turn 
brown. The disease occurs in spots varying in size and shape with less 
definite symptoms toward the margins of the areas. The killing of the 
plants ranges from dead leaf tissue to invasion and rotting of the culm, 
crown, and root tissues. The disease disappears as the temperature rises, 
moisture decreases, and sunlight increases. 

The Fungi —1, Typhula itoana ImBi 

{Typhula graminum ’KsLTsti) 

(Typhula elegantula Knrst.) 

(Sclerotium fulvum Fr.) 

The sclerotia are tawny to hazel brown, spherical to slightly flattened and superficial 
or imbedded in the diseased plant tissues. The sclerotia commonly germinate to form 
mycelium or thickened branching sterile structures with clamp connections apparent. 
The sclerotia, in soil or sand and in the presence of light high in ultraviolet rays, produce 
one to four thickened basidia, sometimes branched. The basidia are clavate, flesh 
colored, nonseptate with four apical sterigmata bearing sporidia. The sporidia are 
hyaline, ovate, slightly curved, and average 11.1 by 6.0 microns in size. This is probably 
the more conamon and widely distributed species on the cereals and grasses, ac<M)rding 
to Imai (1936), Remsberg (1940), Tasugi (1929, 1930, 1935), and Volk (1937). 

2. Typhula idahoensis Remsberg 

This species is similar in general morphology to the former. The sclerotia are chest- 
nut brown, and the basidia are fawn to wood brown in color. This species on wheat is 
restricted apparently to the Intermountain areas of the United States and Canada, al- 
though it is distributed more widely on the grasses. 
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3. Typhula graminum Karst, is retained as a species by 
Remsberg (1940), but its pathogenicity on the cereals 
and grasses is questioned. 

Cormack has found still another, at present unnamed, Basidiomycete 
developing at very low temperatures in Alberta, Canada. The mycelium 
develops parasitically on wheat among other crops at temperatures 
slightly above freezing. 

Sclerotium rolfsii Sacc. occurs occasionally on wheat and other cereals 
and grasses in the warmer areas of the United States and other countries, 
according to Godfrey (1918), Tisdale (1921), and others. The small spher- 
ical brown sclerotia occur on the rotted culm, crown, and root tissues. 

19. Loose Smut, Ustilago tritici (Pers.) Rostr. — The loose smut of 
wheat is distributed generally with the crop in the humid and semihumid 
wheat-producing areas. The disease is severe in the soft red winter and 
hard red spring wheat areas of Central and Eastern North America. The 
loose spore mass replaces the floral bracts and ovaries and is conspicuous 
from the heading to blossom period of the crop. The symptoms and 
etiology are similar to the loose smut of barley discussed in Chap. III. 

The Fungus. — Ustilago tritici (Pers.) Rostr. 

( Vredo segetum b. tritici Pers.) 

{Ustilago segetumh. tritici Pern.) 

( Uredo carbo h. tritici DC.) 

{Caeoma segetum Link) 

(Erysibe vera b. tritici Wallr.) 

( Ustilago carbo a. vulgaris a. triticea Tul. and Tul.) 

( Ustilago segetum var. tritici Jens.) 

{Ustilagidum tritici Herzb.) 

[ Ustilago tritici (Jens.) Kell, and Swing. ^ 

The morphology is the same as Ustilago nuda, causing the loose smut of barley (Chap. 
III). This is another case of where long usage of a binomial appears to warrant re- 
taining it, although the two species, U. tritici and U. n.'nda, cannot be differentiated 
morphologically. Fischer (1943, 1945) and others have suggested the combination of 
the two as specialized races of the same parasite. 

Control. — The loose smut infection within the kernel tissues is con- 
trolled by the modified hot-water treatment and more recently by the 
use of resistant varieties. The hot-water treatment is expensive and 
difficult to use except on a limited amount of foundation seed. The 
commercial varieties and selections show a wide range in loose smut 
infection. The club wheats and spelt are relatively susceptible. The 
durum wheats show more resistance than most of the common bread 
wheats. Some of the strains of Triticum dicoccum and T. iimopheevi are 
highly resistant to the known physiological races. According to Roemer 
et al (1938), Rudorf and Rosentiel (1934), Tapke (1929), Wingard and 
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Fromme (1941), and others, a number of varieties of the common wheats 
are highly resistant. Some of the more resistant spring wheats are Hope 
(C.I. 8178), a number of selections from Hope hybrids, and Preston 
(C.I. 3328). In the soft red winter wheats, Kawvale (G.I. 8180), Leap 
(C.I. 4823), and newer hybrid selections are the more resistant. 

With the development of techniques for floral inoculation with loose 
smuts, more reliable data on varietal resistance and specialization of the 
parasites are available. Moore (1936) reported results using the partial 
vacuum method of inoculation. The introduction of the dry chiamydo- 
spores or the spores suspended in a dilute malt extract directly into the 
flowers by means of an hypodermic needle and rubber bulb from a 
dropper pipette also give reliable results. Tavcar (1934) and Tingey 
and Tolman (1934) reported morphological types of resistance associated 
with the closed flowers preventing entrance of the inoculum in the 
varieties Banat and Federation (C.I. 4734). 

Physiologic specialization occurs in Ustilago tritid, as reported by 
Grevel (1930), Hanna (1937), and Radulescu (1935). Bever^ using 
Forward (C.I. 6691), Hussar (C.I. 4843), Nabob (C.I. 8869), Purdue 1 
(C.I. 11380), Trumbull (C.I. 5657), Wabash (C.I. 11384), Kanred-Gipsy 
selection, and Dawson (C.I. 3342) (American Banner) has shown a 
differential response for nine collections of the fungus. 

The investigations of physiologicah races are not extensive enough to 
prepare a table showing the differential varieties for all classes of wheat. 
Stakman aL (1935) have given a key based on GreveFs (1930) investi- 
gations. 

20* Bunt or Stinking Smut, Tilletia canes (DC.) Tul. and T.foetida 
(Walk.) Liro.— The stinking smut or bunt of wheat is associated closely 
with the historical development of plant pathology. It was among the 
first smuts to receive attention. The early literature on bunt was 
descriptive. Tillet in 1755 differentiated between la Carie (bunt) and 
le Qharbon (loose smut) of wheat and established the infective principle 
of bunt dust; later, Tessier in 1783 and others considered it a degeneration 
of the grain. Perhaps the symptoms and fishy odor of this smut func- 
tioned unduly in the formulation of the concept that disease manifes- 
tations were morbid eruptions of vegetable matter: a concept that 
dominated the thinking of European mycologists for a time and reached 
its climax in Unger's book “Exantheme der Pflanzen" in 1833. The bunt 
disease also, during this same period, was the basis for the formulation of 
the experimental concept of parasitism in fungi by Prevost in 1807. 
The noted mycologists of the period, Bulliard, DeCandolle, Link, Tulas- 

1 Unpublished data supplied by Dr. W. M. Bever from cooperative investigations. 
Division of Cereal Crops and Diseases, B.P.I.S.A.E. U.S. Department of Agriculture 
and the department of agronomy, Illinois Agricultural Exper. Station. 
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nes, and Leveill6, were concerned with the disease and the two fungi. 
BeBary in 1853 reconfirmed phases of the parasitic nature of the bunt 
fungus, and Ktihn in 1858 summarized the information on practical smut 
control. The disease has received increasing attention through the 
years, especially since the detailed experiments of Brefeld in 1883. 

The bunt of wheat is world wide in distribution. Whereas, loose smut 
occurs in the more humid wheat sections, bunt is more prevalent in the 
drier sections as well as occurring in the areas with high summer moistures. 

The two species oi Tilletia on wheat occasionally infect rye and 
Agropyron cristatum (L.) Gaertn. According to Fischer and Hirschhorn 
(1945), inoculation experiments have shown the susceptibility oi Aegilops 
ventricosa Tausch, Agropyron subsecundum (Link) Hitchc., A. trachy- 
caulum (Link) Malte, Lolium perenne L., L. multiflorum Lam., and 
Hordeum nodosum L. to one or both species. A distinct variety of T. 
caries that causes a dwarfing of the wheat plant occurs in North America 
(Rodenhiser and Holton, 1945). Several additional Tilletia spp. occur 
on the grasses, as discussed in Chap. XIL The bunt or stinking smut 
has been discussed in detail, including the important literature citations 
by Holton and Heald (1941). 

The disease causes losses in yield, produces difficulties in threshing, 
and lowers quality. Prior to the general us6 of seed treatments and 
resistant varieties, bunt caused large reductions in yield of wheat. The 
presence of the spores in quantities caused explosions in separators and 
fire losses. The spores adhere to the threshed grain, and they are 
removed only by washing before the wheat is milled (Bates et aL, 1929). 
The Federal grain standards designate wheat that has an unmistakable 
odor of smut or that contains smut balls, portions of balls, or spores of 
smut in excess of a quantity equal to 14 balls of average size in 250 grams 
of wheat as “light smutty’’ and wheat with smut balls and spores in 
excess of 30 balls in 250 grams as “smutty’^. These descriptive terms 
are included with the regular grade designation. Smutty wheat is dis- 
counted, frequently more than the cost of cleaning the grain. 

Symptoms. — The symptoms of bunt usually are not apparent until the 
wheat is headed. However, some varieties of wheat infected with certain 
races of the parasites show dwarfing of the plants, small light-colored 
spots on the leaves, and a grayish cast of the foliage and culms during 
the period of tillering and internodal elongation (Angell, 1934, Church- 
ward, 1934, Holton and Rodenhiser, 1942). According to Helyet et aL 
(1938), root development in smutted plants is reduced from shortly after 
heading to maturity. The smutted plants of many varieties appear 
bluish green to grayish green in color, and the heads frequently show 
characters unlike the healthy spikes of the variety (Fig. 59). The odor 
of trimethylamine is characteristically present from the period of spore 
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formation to maturity and in the threshed grain. The smut balls that 
replace the kernels frequently are conspicuous in the smutted spike. The 


Fig. 59. — Bunt or stinking smut of wheat showing healthy (left) and infected (right) 
spikes of two wheat varieties -(A) and (B) and the modification of the spikes by the smut. 
Healthy kernels and smut balls are shown (C). The chlamydospores of Tilletia caries (a) and 
T, foetida (b) are shown highly magnified in the insert. 

smut balls, somewhat the shape of the wheat kernels, are grayish green 
changing to brown as the grain ripens. The presence of the smut balls 
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and the dark spores adhering to the kernels are evident in the threshed 
grain. The effect of bunt on the morphology and physiology of the 
wheat plant is reviewed by Holton and Heald (1941). In the dwarf bunt, 
the symptoms are evident by the reduced internodal elongation of the 
infected plants, and the spore balls are nearly round instead of the shape 
of the kernels. 

The Fungi.— 1. Tilletia caries (DC.) Tul. 

{ Ur edo caries DC,) 

( Uredo siiophila Dit,) 

{Lycoperdon tritici Bjerk,) 

[Tilletia sitophila (Dit.) 8chr,] 

{Tilletia secalis (Cda.) Kuhn) 

[Tilletia tritici (Bjevk.) Winter] 

The latter synonym (T. tritici) was used extensively as the binomial for this fungus 
until recently (see the table p, 46, List of Common Names of the Diseases and Binomials 
of the Cereal Smut Fungi, Chap. III.) 

The sori are formed in the ovaries, the pericarp of the caryopsis persists, and the sori 
are more or less the same shape as the kernel. The chlamydospores are brownish black, 
globose to subglobose, light to dark brown, reticulate with reticulations ranging from 
minute shallow meshes to deep indentations, and 15 to 23 microns in diameter (Fig. 59), 
The sterile cells are globose to subglobose, thin walled, hyaline, smooth to faintly reticu- 
late, and 12 to 18 microns in diameter. The spores germinate to form a promycelium 
and an apical crown of long filiform sporidia, variable in number, usually 8 to 16, which 
fuse in pairs while still attached. The spores of the variety of this species causing dwarf 
bunt are difficult to germinate, and even when presoaked in water at low temperatures 
the germination percentages are low. The branched promycelium and irregular type 
of sporidial formation in this- strain is not typical for the species, as discussed by Hol- 
ton (1943). 

2, Tilletia foetida (WsAlr.) Lira 
. (Erysihe foetida WbIIt,) 

(Ustilago foetens Berk, and Curt.) 

V [Tilletia foetens (Berk, and Curt.) Schr.] 

(Tilletia levis Kiihn) 

Tilletia levis was used extensively for this fungus until recently. 

The sori are formed as in the previous species. The chlamydospores are globose to 
ovoid or elongate, light grayish-brown to olivaceous brown, smooth, usually 17 to 18 
microns in diameter or 17-20 by 18-22 microus in size. Sterile cells are hyaline, thin- 
walled, smaller than the spores, mostly about 14 microns in diameter (Fig. 59). Ger- 
mination is similar to tie former species. Holton (1944) described the morphology of 
hybrids between these tw^o species. Mitra (1931) reported Neovossia indica (Mitra) 
Mundkur (Tilletia indica Mitra) on wheat in India, with only a few ktjrnels per spike 
infected. The chlamydospores are reticulate, larger than those of T. caries (average 
35 microns in diameter), and germinate to produce a whorl of apical sporidia that do 
not fuse. 

The geographic distribution of the two species differs somewhat. 
Tilletia foetida^ the smooth-spored species, is more common in the North 
Central and Eastern North America than T. caries , while both species 
occur ha the western areas, although the latter species is more prevalent 
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{Rodenhiser and Holton, 1945). Similar variations in distribution are 
reported from other countries, as reviewed by Churchward (1932). 

Etiology.— The etiology of the two species is similar. Seedling infection 
occurs, resulting in a systemic invasion of the seedling primordium, and 
spores develop in the ovaries. The inoculum is from seed-borne chlamydo- 
spores or spores in the soil in the drier winter-wheat areas. Churchward 
(1940) has investigated penetration and establishment of the fungus in 
the wheat seedling. Penetration and the early phases of systemic 
infection apparently occur in the resistant wheats. Environmental 
conditions influence the infection and establishment of the parasite in 
the wheat seedlings, as reviewed by Holton and Heald (1941). 

Control.— Seed treatment and the use of bunt-resistant varieties are 
the combined methods of control. The use of seed treatment even with 
bunt-resistant varieties is recommended to prevent t-he occurrence and 
propagation of specialized races of the parasites to which the resistant 
variety is susceptible. This recommendation is based on field experience 
with resistant varieties and on investigations of the occurrence of new 
physiologic races in nature or by hybridization. Seed treatment with 
copper carbonate dust or the mercury dusts, especially Ceresan, controls 
bunt under most conditions. The dwarf bunt is not amenable to control 
by these seed treatments, according to Bamberg (1941) and Fischer and 
Hirschhorn (1945). Many wheat varieties resistant to certain groups of 
the physiologic races of one or both species of Tilletia are known. Certain 
of these, such as Ridit (C.I. 6703), Oro (C.I. 8220), Hohenheimer (C.I. 
11458), Hussar (C.I. 4843), Hope (C.I. 8178), and Florence (C.I. 4170), 
the latter two are spring wheats, are differentially resistant to all but a 
few known races. According to Rodenhiser and Holton (1945), the four 
selections of hard red winter wheat from Oro X Turkey-Florence, Rex 
X Oro, Rex X Rio, and Rio X Rex are more generally resistant to all 
races of the two Tilletia spp. In many areas where the physiologic races 
are limited, the disease is controlled by the use of varieties resistant to a 
limited number of races. In areas .such as the Pacific Northwest, varieties 
combining resistance to a large number of races are essential for bunt 
control. The bunt-resistant varieties used and the inheritance of 
resistance or genetic analysis are summarized by Holton and Heald 
(1941) and discussed by Roemer et al (1938). Briggs and coworkers 
(1933, 1940, 1945) have explained the intermediate percentages of bunt 
in homozygous resistant lines on the basis of multiple factors, with 
certain factors permitting specific amounts of bunt. 

Specialization in the the two species is clearly defined and apparently 
quite stable, as reported by Holton and Rodenhiser (1942) and Roden- 
hiser and Holton (1945). Certain races produce specific morphological 
or physiological responses on particular wheat varieties. However, 
pathogenicity is the important criterion in differentiating the races and 
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applying the information to breeding for bunt resistance. The reaction 
of physiologic races of the two species to the differential wheat varieties, 
as siimmariized by the authors cited above, is given in the following table. 


Reaction of Wheat Vaeieties to Physiologic Races of Tilletia caries and T. foetida 


Physiologic 
race no. 

Ridit 

(C.I. 6703) 

Oro 

(C.I. 8220) 

Hohenheimer 
(C.I. 11458) 

Hussar 
(C.I. 4843) 

Albit 

(C.I. 8275) 

Martin 
(C.I. 4463) 

Wliite Odessa 
(C.I. 4655) 

Ulka 

(C.L 11478) 

Marquis 
(C.L 3641) 

Canus 
(C.I. 11637) 

Mindum 
(C.L 5296) 

T, 

caries 
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T-l etc., race numbers for T. caries, L-1 etc., race numbers for T. foetida, 

R — resistant (0 to 10 per cent infection); I — intermediate (11 to 40 per cent); and S- — susceptible (41 to 
100 per cent). 
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The race of TiUetia caries causing dwarf bunt is not included in the table. 

21. Flag Smut, Urocystis tritici Koern.— The disease is distributed 
widely throughout the world on wheat, but apparently it is of major 
importance only in a limited number of areas. Flag smut on wheat was 
found first in the United States in 1919 (Humphrey and Johnson, 1919), 
and it has appeared since in scattered localized areas in the South Central 
winter-wheat region and in the Pacific Northwest. The disease was 
eliminated partly in these local areas by a shift in crops and by the use 
of resistant varieties of wheat in the adjacent territory. Flag smut is of 
major importance only in the winter-wheat sections of mild winter 
climates and with the general use of susceptible varieties and continuous 
wheat culture. According to Miller and Millikan (1934), the flag smut 
of wheat in South Australia in 1931 was damaging 3 to 4 per cent of the 
crop, owing to the general use of susceptible varieties and continuous 
wheat culture. The smut damage started decreasing with the wider 
use of the resistant variety Nabawa. Noble (1937) reported for New 
South Wales as follows: ^Tlag smut has ceased to be the serious disease 
it was some years ago before resistant varieties were grown . . . 

Symptoms and Effects. — The disease is evident from the late seedling 
stage until maturity of the crop. The early symptoms of the smut are 
the gray to grayish-black linear sori in the older leaf blades and leaf 
sheaths (Fig. 60). The sori form in the mesophyll tissue between the 
veins, and they are covered by the epidermis of the leaf during the 
earlier stages of development. Later the epidermis ruptures, releasing 
the black spore mass, and finally the leaf tissue frays along the linear 
sori. The symptoms appear on the leaves as they unfold and in the culm 
tissues as the culms elongate. In most susceptible varieties, the plants 
are dwarfed by reduced internodal elongation. Usually spike develop- 
ment is stopped prior to its emergence from the leaf whorl. The disease 
in wheat is characteristically a leaf smut in contrast to the stalk smut 
produced by the species on rye. 

The Fungus. — Urocystis tritici Koern. 

[Urocystis occulta {Wnlhi) 'Rah] 

Fischer (1943) suggested the combination of the morphologically similar species 
UrocysUB tritici, U. occulta, and U. agro'pyri (Preuss.) Schroet. on wheat, rye, and grasses, 
respectively, under U. agropyri, recognizing the specialized varieties of the fungus on the 
different cereals and grasses. Long usage argues against this change as in the case of 
the generic name, Urocystis (Zundel et al., 1940). 

The sori are linear, black, at first covered by the epidermis, chiefly in the leaves and 
upper culm tissues and frequently stunting plant development and aborting the spike 
(Fig. 60). The sporeballs are globose to oblong, measure 18-35 by 35-40 microns, are 
composed of one to four dark chlamydospores, and are hyaline to brown with somewhat 
smaller sterile cells often incompletely surrounding the fertile cells. The chlamy- 
dospores are angular to globose, dark reddish brown, smooth, and 14 to 20 microns in 
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diameter. The spores germinate in place to form a short promycelium, ^th or without 
septations, and three to four hyaline cylindrical sporidia are borne near the apex. 


JFio. 60. — Flag smut of wheat caused by Tlroct/stis intid, 


Etiology.— Seedling infection from soil or seed-borne chlamydospores 
is followed by the systemic invasion of the primordia and the develop- 
ment of spores in the unfolding leaf tissues. The spores are in part soil- 
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borne in the regions where disease is severe. Environmental con- 
ditions influence both the infection and the complete establishment of 
the mycelium in the primordial tissues, as reported by Angell (1934), 
Angell et aL (1937, 1938), Faris (1933), Jones and Seif-El-Nasr (1940), 
Noble (1923, 1924, 1934), and others. 

Control.- — Seed treatment, crop rotation, and the use of resistant 
varieties are important control measures. Seed treatment is partly 
effective under conditions of soil infestation. Resistant varieties, as 
cited earlier, offer the most practical means of control. The lists of the 
important resistant wheats and the genetics of inheritance of resistance 
are reported by Came and Limbourn (1927), Pridham and Dwyer (1930), 
Shelton (1924), Shen (1934), Tisdale et al (1923, 1927), Yu et al (1931, 
1934, 1936, 1945), and others. 

Physiologic specialization occurs in Urocystis tritici. According to Yu 
et aL (1936, 1945), 12 races differentiated on five wheats occur in China. 
However, Verwoerd (1929), in Africa, found no evidence of specialization 
in collections he tested. Holton and Johnson (1943) have differentiated 
two races in the United States that are separated widely geographically: 
race 1 from Kansas and probably representative of the Illinois, Missouri, 
Kansas area and race 2 from Washington. Oro X Federation~38 and 
-40 are resistant to race 1 and susceptible to race 2. Oro (C.I. 8220) 
apparently gives the same differential reaction as the two hybrid selec- 
tions. 

22. Stem Rust, Puccinia graminis tritici Eriks, and Henn. — Stem rust 
is distributed generally with the wheat crop. In the drier areas, the 
disease develops in epiphytotic form only in moist seasons. This disease 
probably has caused greater and more spectacular damage than any 
other disease of the wheat crop. Losses are usually higher in the spring- 
wheat sections of North America than in either the soft or hard winter- 
wheat areas, as summarized by Craigie (1944, 1945). This is due 
apparently to two main factors: (1) the relatively high summer precipi- 
tation in the spring-wheat areas and (2) the plant growth occurring over 
a longer period of favorable summer conditions. Greaney et al. (1941) 
have reviewed the earlier literature on the effect of stem rust on compo- 
sition and have shown that nitrogen is decreased and ash constituents are 
modified. Yield of grain is reduced, and composition is modified, varying 
considerably with the stage of plant growth when the rust develops. In 
addition to wheats and other small grains, a large number of grasses are 
susceptible to this and other physiologic varieties of the parasite. 

Symptoms and Effects. — Two stages of the rust occur on the wheats 
and grasses. The red rust or uredial stage is evident on the leaves and 
culms at any stage of plant growth. The uredia are reddish brown in 
color, usually oblong in shape, and the epidermis of the leaves and culms 
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is ruptured and pushed back around the pustule. The uredia of this 
rust are distinguished readily from those of the leaf rust, except perhaps 
in the very early spring or late autumn when the uredia of the two rusts 
appear somewhat similar. The differences in morphology of the uredio- 
spores of the two are always distinguishing characters. In resistant 
varieties, development of the uredia is reduced or prevented, and yellow 
flecking or brown necrosis are the characteristic symptoms (Stakman 
et al, 1944). The black rust or telial stage develops more abundantly on 
the leaf sheathes and culms of the rusted plants, especially during and 
just prior to maturation of the wheat tissues. The telia are oblong to 
linear, dark brown to black, and the teliospores are exposed. Severe 
stem rust development results in numerous uredia and telia on the leaves, 
culms, and spikes and the drying out and early maturity of the wheat 
plant. 

The aecial stage of this rust occurs on Berberis and Mahonia spp. early 
in the spring. The orange-yellow lesions are common on the leaves, 
petioles, and blossoms of several Berberis spp. The pycnial (sperma- 
gonial) lesions occur first, usually on the upper surface of the leaf. The 
lesion is slightly elevated, orange yellow, and produces an exudate when 
mature that attracts insects. The aecia develop on the undersurface of 
the leaf immediately below the spermagonial lesions or surrounding them 
where the infections develop on the petioles or blossoms. The elongated 
aecial cups with serrate marginal peridia are conspicuoxis over the surface 
of the lesion (Fig. 61). 

The Fungus. — Puccmm gramtms i^nWcf Eriks, and Henn. 

( Uredo linearis Fem, and others) 

( Uredo graminis Eriks, and Henn.) 

{Uredo frumentHS/La^rt. ) 

{Puccinia cerealis IS/LsiVt.) 

{Puccinia linearis Boelil.) 

{PucciniaagropyriOtih,) 

{Lycoperdon lineare Schrk. Sind others) 

{Erysibe linearis Wsllr.) 

(Caeoma Zmeare Schiecht) 

{Caeoma berberidis Schlecht) 

{Aecidiurnelongatum'hk,) 

{Aecidium lineare Gmel.) 

{Aecidium berberidis Gmel.) 

The synonomy and history of this fungus is given in more detail by Sydow.^ Excel- 
lent color plates of the spore forms and symptoms are included with a detailed disGUSsion 
of the disease by Eriksson and Henning.^ 

^ Monographia Uredinearum, ¥ol, 1, pp. 692-698, 1904. 

2 Die Getreideroste, 1896. 
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Fig. ei.—Pwccmm graminis. The aecium on the leaf of Berheris vulgaris {C) and the 
uredia (A) and telia {B) on wheat are shown magnified by 20. The urediospores (a) and 
teliospores (6) are shown magnified by approximately 1000. 

upper surface of the leaf bear numerous hyaline thread-like spermatia and flexuous para- 
physes-like hyphae in a slightly viscous exudate. Allen (1930, 1933), Buller (1938), 
Craigie (1927, 1928, 1931), and others have demonstrated the role of the spermatia and 
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flexuous byphae in the initiation of the binucleate or dikaryotic stage of the fungus. 
The aecial stage develops on the undersurface of the leaf below the spermagonium in 
which the fusion of spermatium and flexuous hypha occurs. The aecial lesion is elevated, 
orange yellow, and numerous shallow tube-shaped aecial cups develop on the surface of 
the lesion (Fig. 61). Th# length of the peridiai tubes varies with environmental con- 
ditions. The margins of the peridia are turned out and serrated. Aeciospores are 
borne in chains within the cups. Aeciospores are subglobose to hexagonal, light orange 
yellow, smooth, and germinate by the formation of a hyaline germ tube. 

The media, develop on the cereals and grasses. The uredia are oblong to circular 
with the epidermis ruptured and turned back around the margin of the pustule, orange 
red to chestnut brown in color, and dusty in appearance due to the presence of the nu- 
merous urediospores (Fig. 61). The urediospores are elliptical or pyriform with four 
conspicuous germ pores arranged around the equator of the spores, dark orange yellow, 
echinulate, and free from the short pedicels when released (Fig. 61). 

The telia form in the uredia and independent of the uredia as the cereal and grass 
plants approach physiological maturity. The telia are naked, oblong to linear, and 
dark brown to black, with the ruptured epidermis usually conspicuous around the mar- 
gins. The teliospores are borne on persistent pedicels. The spores are fusiform to 
elavate, two-celled, slightly constricted at the septum with the apex thickened and 
rounded or slightly pointed, smooth, and chestnut brown in color. The teliospores 
germinate in place after a rest period to form a four-celled promycelium (basidium) 
and laterally borne sporidia on minute pointed sterigmata. 

Specialized varieties of the fungus are restricted to the larger groups of 
the cereals and grasses. It is a common practice to indicate these 
varieties by the use of trinomials (Eriksson, 1894, Eriksson and Henning, 
1896). Numerous physiologic races occur within these varieties, as 
summarized by Stakman et al. (1944). 

Etiology. — The parasite is characteristically a heteroecious long-cycle 
rust fungus. The complete cycle occurs in the cooler climates where the 
barberry, cereals, and grasses occur in close proximity. The teliospores 
are formed as the infected cereal and grass tissues approach maturity. 
The teliospores remain dormant over winter and usually require low 
temperatures such as freezing and thawing to germinate. Nuclear 
fusion and the initiation of the true diploid phase of the parasite occur 
during the teliospore maturation or prior to germination. The teliospores 
germinate to produce basidia with characteristically four haploid cells 
and laterally borne sporidia. The sporidia are wind-borne and infect the 
susceptible Berberis spp. by direct penetration through the epidermis. 
The spermatia and flexuous hyphae form in the initial (spermagonial or 
pycnial) lesions on the barberry. The spermatia are transferred largely 
by insects or meteoric water, and fusions between the spermatia and 
flexuous hyphae apparently initiate the binucleate or dikaryotic phase of 
the filngus. The fungus is predominantly heterothallic in nature. 
Inbreeding has been reported by Johnson and Newton (1938) and 
Newton and Johnson (1937) as well as the abnormal production of uredia 
and telia on the barberry. The aecia develop following the sexual fusion, 
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and aeciospores are produced in great abundance early in tbe spring. 
The aeciospores are wind-borne to the gramineous plants, where infection 
occurs through the stomata. The mycelium in the cereal and grass 
tissues produces the urediospores which cause numerous secondary 
infections on the susceptible cereals and grasses. The urediospores 
frequently furnish the inoculum for the progressive spread of the rust 
over an extensive area, as in the spreadr northward in North America and 
Europe. Later as these plant tissues approach physiological maturity 
the mycelium produces teliospores. As in most of the heteroecious rust 
fungi, two widely different suscepts support the aecial and the uredial 
and telial stages in the complete life cycle of Puccinia graminis. 

The barberry supports the sexual stage of this economically important 
fungus. . The discovery of the role of the spermatia and the fiexuous 
hyphae borne in the spermagonia on the barberry reemphasized the 
importance of the aecial host in inducing genetic variability in the 
parasite. The barberry species are susceptible to infection by sporidia 
of many of the different specialized varieties and numerous physiologic 
races of the parasite. Therefore, cross fertilization between these 
numerous races is possible and affords the mechanism for the production 
of new potentially dangerous races. Investigations by Johnson et al. 
(1932, 1934), Newton et aL (1930, 1931, 1932), Stakman et al (1930, 
1934), and others have demonstrated experimentally the role of the 
barberry in the production of hybrids among the various specialized 
varieties and physiologic races. The significance of the barberry, there- 
fore, becomes twofold: (1) the completion of the life cycle of the parasite 
in the cooler temperate zones and early spring spread of the rust to the 
cereals, and (2) the production of new potentially dangerous races of the 
parasite through hybridization occurring in the aecial stage on the 
barberry. 

Environmental conditions influence greatly the etiology of stem rust. 
Infection and development of the rust on the cereals and grasses and the 
barberry are determined in large part by temperature and moisture 
conditions. In nature, low temperatures or freezing and thawing are 
necessary before the teliospores will germinate. The reaction of many 
resistant varieties is influenced also by high temperatures. The per- 
sistence of the parasite in the uredial stage either as perennial mycelium 
or freshly produced viable urediospores is determined by mild winters and 
moist summers. The spread of urediospores from regions of mild climate 
to those of less favorable environment is important in the production of 
stem rust epiphytotics. Craigie (1945) has reviewed the mass of literature 
on the epidemiology and the control of stem rust. 

Control. — The control of stem rust is largely by means of barberry 
eradication and by the use of resistant varieties. Barberry eradication 
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is miportaiit in the temperate zones where the aecial infection occurs 
naturally. The breaking of the cycle of the parasite, in the regions 
where the uredial stage does not survive the winter, prevents the early 
spring spread of the rust to the cereals and grasses. In areas where the 
barberry is abundant and the climate favorable for the rust as in the 
Transcaucasian Mountains, small-grain production is impractical and 
corn is the chief grain produced. The elimination of the susceptible 
barberries prevents further genetic variation of the parasite through 
hybridization and recombination of characters for broader parasitic 
potentialities. Many countries have passed laws preventing the sale, 
distribution, and growing of the susceptible barberry species. Early- 
maturing varieties of the grains and early planting aid in escaping stem 
rust damage. 

Varieties resistant to stem rust offer the most practical means of 
control. Earlier varieties of Triticum vulgare resistant to groups of 
physiologic races common in the areas were used, as discussed by Aamodt 
(1927). Frequently such varieties, when grown more or less exclusively 
in areas, tend to increase and spread, inoculum of races of the parasite to 
which they are susceptible. No species of Triticum, practical for use in 
commercial wheat production, is resistant to all the physiologic races of 
Puccinia graminis. Therefore, it becomes necessary to make recom- 
binations to incorporate the characters controlling resistance to groups of 
races into new wheat varieties of suitable agronomic type and milling and 
baking quality. Numerous varieties gradually approaching these 
requirements are being developed. McFadden (1930) transferred the 
Yaroslav emmer characters for stem rust resistance in the seedling stage 
and mature plant stage to the hexaploid varieties Hope (C. I. 8178) and 
H-44. These varieties under field conditions in the United States and 
Canada are resistant to most races of the parasites causing stem rust, 
leaf rust, loose smut, bunt, and powdery mildew. These wheats are used 
extensively in breeding programs, and Hope germ plasm occurs in many 
of the recent stem rust resistant wheats. According to Hart (1944) and 
others, Hope is moderately susceptible to race 21 in the seedling stage 
and to races 15B and 34 in the mature plant stage when grown at high 
temperatures or when sown late. The same reaction occurs in the 
selections from Hope and H-44 crosses. Vernal emmer has been crossed 
with the durums to produce stem rust resistant durum varieties. These 
also are suceptible to both biotypes of race 15. The durum wheats Acme 
(C.L 5284) and lumillo (C.I. 1736) react similarly. McMurachy^s 
selection (C.L 11876), resistant to stem rust and Helminthosporium 
root rot, is moderately susceptible in late plantings to races II, 15, 21, 
34, 56, and 147. The Kenya wheat selections are more or less susceptible 
to races 15B and 34 when grown at high temperatures or sown late, Tn- 
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Fig. 62. — Uredial infection types produced by physiologic races of Puccinia graminis 
iritici on the differential varieties of Triiicum spp. 0, 0;, 1, and 2 are resistant types of reaction; 
X is mesothetio (resistant and susceptible on the same plant) ; and 3, 4 are susceptible reactions. 
{Courtesy of Conference for the Prevention of Grain Rust) 
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Ucim timophesvi, YeBiBiant to most physiologic races of the parasites 
causing stem rust, leaf rust, loose smut, bunt, and powdery mildew, is 
moderately susceptible to the biotype 15B and to race 19 in the green- 
house. It is also susceptible to race 189 in Peru, according to Garcia- 
Rada et al. (1942). The five important newer sources of resistance to 
stem rust are moderately susceptible to one or two physiologic races of 
Puccinia graminis triticij therefore, still other sources of resistance to 
stem rust are needed. 

Resistance to stem rust in the different varieties is controlled by a single 
factor or at most a few factor pairs. These differ for several of the dif- 
ferent types and sources of resistance. In some instances, minor factors 
modify the type and extent of the reaction, as suggested by Clark (1936) 
and others. According to Watson (1941), resistance in McMurachy^s 
selection and in certain of the Kenya selections is in each controlled by a 
simple factor pair with the factor for resistance in the form.er allelo- 
morphic to that of the latter. 

The morphological and physiological nature of stem rust resistance 
has been investigated extensively. The relationship of stomatal open- 
ings to infection and sclerenchyma tissue to rust damage has been re- 
viewed by Hart (1931) and Peterson (1931). Dickson (1934), Hart 
(1931), Stakman (1915), Thatcher (1943), and others have discussed the 
type of resistance associated with the incompatible physiological re- 
lationship of the protoplasts of the cells of the wheat plant and those of 
the rust parasite (see also Chap. II). The flecking type of rust reaction 
evident in several types of rust resistance and the brown necrosis in the 
mature plant resistance in Hope and its derivatives (McFadden, 1939, 
Thatcher, 1943) are external manifestations of this incompatibility 
between the cells of the wheat plant and those of the parasite. 

Physiologic specialization is another expression of the rather specific 
compatibility between the rust parasite and its suscept. ‘ According to 
Stakman et al, (1944), biotypes form the basic concept for physiological 
races. By using the uredial infection types produced on 12 varieties and 
species of Triticum (Fig. 62), 189 physiologic races of Puccinia graminis 
tritici are differentiated. Within certain of these races, specific biotypes 
appear which in epidemiology and breeding investigations must be con- 
sidered more specifically, as in the case of 15 A and 15B discussed above. 
The distribution and prevalence ; of these races from season to season is 
discussed by Craigie (1945) and Stakman et al, (1944). As pointed out 
earlier, the desirable types of resistance to stem rust include resistance to 
large groups of these races. 

23. Stripe Rust, Puccinia glumarum (Schm.) Eriks, and Henn. — The 
stripe rust is restricted in distribution in contrast to both the stem rust 
and leaf rust of wheat. This rust is found along the Pacific Coast and 
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Fig. 63. — The uredial stage of stripe rust of wheat caused by Puccinia glumarum. 


eastward over the cooler plains area of Southern Argentina. Again in 
Europe and Asia, the stripe rust is prevalent in the northern and eastern 
cooler regions and in the mountainous areas of Central Europe and Asia. 
Apparently this rust is limited in its distribution to the areas of relatively 
cool summer temperatures and humid winters. The stripe rust is com- 
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mom on wheat, barley, rye, and many grasses. In areas where the disease 
is severe, it causes reduction in yield of the grains and grasses, as shown by 
Bever (1937). The rust is known as glume rust and yellow rust as well as 
stripe rust. 

Symptoms. — The stripe rust appears early in the spring before the 
other rusts are abundant. This is especially evident in sections of mild 
winters and heavy snow covering. The linear, narrow, citron-yellow 
uredia appear on the autumn foliage and on new growth early in the 
spring. The uredia coalesce to produce long stripes between the veins on 
the leaf blade and sheath and small linear lesions on the floral bracts (Fig. 
63). The pustules frequently break through the epidermis on the inner 
surface of the leaf sheath and lemma and palea. Under favorable con- 
ditions, uredia form on the culms, especially inside the leaf sheaths. The 
telia develop as narrow linear pustules covered permanently by the 
epidermis. 

The Fungus. — Puccinia glumarum (Schm.) Eriks, and Henn. 

( Uredo glumarum Schm.) 

(Trichohasis gluviarum lAv.) 

{Puccinia tritici Oerst.) 

{Puccinia negleda West.) 

{Puccinia ruhigo-vera Ant.) 

The aecial stage of this rust is unknown. The uredia are linear, citron to orange yel- 
low, usually narrow, with a marked tendency to form stripes on the leaves and culms. 
Spatulate paraphyses sometimes occur around the margin of the uredium. The ure- 
diospores are round to ovate, finely echinulate, with three or four germ pores. The 
telia are linear and covered by the epidermis. Brown paraphyses border the telia and 
are intermingled with the teliospores along the margin of the telium. The teliospores 
are oblong to cuneiform, smooth, slightly constricted at the septum, with the apex less 
thickened and pointed than in Puccinia graminis. The spore morphology is similar to 
P. ruhigo-vera (DC.) Wint. 

Etiology. — The mycelium and urediospores develop abundantly in the 
late autumn on the cereals and grasses, and they are important in the 
persistence of the fungus. The mycelium and, less frequently, the spores 
remain viable over winter and develop early the following spring. The 
late-autumn and early-spring development of this rust is characteristic. 
Secondary infection and aggressive development of the parasite occurs 
during the early growth period of the susceptible cereals and grasses. 
In the cooler areas, especially where light intensity is low, the rust devel- 
ops aggressively until maturity of the crop. In less favorable areas, the 
rust development is checked in late spring, and summer survival becomes 
the critical period in the life cycle of the parasite. The summer environ- 
ment apparently functions more specifically than the winter period in 
restricting the distribution of this rust. 
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Control— Many of the commercial varieties of wheat and the other 
cereals are resistant to this rust. Resistant strains are found in many of 
the grasses common in the areas where this rust is prevalent, as shown by 
Hassebrauk (1932), Hungerford and Owen (1923), Newton and Johnson 
(1936), Sanford and Broadfoot (1933), and others. The inheritance of 
resistance to this rust was among the first studied, as reported by Arm- 
strong (1922), Biffen (1905), and Nilsson-Ehle (1908, 1909, 1911) and 
summarized by Roemer et aL (1938) . .A single factor or a few factor pairs 
function in the inheritance of resistance. 

Physiologic specialization occurs, although the differentiation of races 
is complicated by the response of the parasite to environmental conditions. 
Bever (1934) and Newton and Johnson (1936) differentiated three races 
in the United States and Canada. Eriksson (1894) included this parasite 
in the early studies on specialization. Extensive investigations on spe- 
cialization of this parasite are reported from Europe, with considerable 
confusion in the number of races and their response on different varieties, 
as reported by Gassner and Straub (1932, 1934), Roemer al. (1938), 
Rudorf (1929), Straub (1937), and others. 

24. Leaf Rust, Puccinia rubigo-vera tritici (Eriks.) Carleton. — The leaf 
rust of wheat is generally distributed through the humid and semihumid 
wheat-producing areas of the world. The leaf rust is distributed more 
uniformly and occurs more regularly than either of the other rusts of 
wheat. Until recently, leaf rust has caused damage in the Central and 
Eastern United States on the winter wheats. In recent years damage 
has been severe in the Central United States and Canada on the hard red 
spring wheats. This rust also occurs on barley and a number of grasses, 
as shown by Johnston (1936, 1940) and Mains (1933). Damage is severe 
especially when the rust infection occurs early and continues during the 
growing season, as reported by Caldwell ci aZ. (1934), Johnston and Miller 
(1934), Waldron (1937), and others in the United States; Greaney et aL 
(1941) and Peterson and Newton (1939) in Canada; Neill (1931) in New 
Zealand; Phipps (1938) in Australia; and Butler and Hayman (1906) in 
India. Total yield of grain is reduced appreciably. Kernel volume is 
lowered without appreciable shriveling of the grain, and nitrogen content 
of the grain is decreased. 

Symptoms. — The uredial stage of the rust is evident on the leaves from 
the seedling stage to maturity. In the early spring, new uredia fre- 
quently form in a circle around uredia of the previous autumn. The uredia 
are round to slightly oblong, orange yellow, and generally the ruptured 
epidermis is inconspicuous around the uredia. The covered telia form 
adjacent to the uredia and in new locations, especially on the leaf sheaths 
(Kg. 64). 



and Henn. 


Fig. 64. Ileaction of wheat varieties to Puccinia ruhigo-Dera, (A) Two leaves fully sus- 
ceptible showing telial and uredial development; {B) chlorosis and necrosis following infection: 
and (C) highly resistant reaction. 


Puccinia triticina 'Enks. was used generally following Eriksson’s (1894) division of the 
morphological species P. Tubigo-vera into the several species based on specialization. 
Mains (1933) investigated the aecial and uredial suscepts and suggested the use of the 
trinomial, wdiich has been generally accepted. 

The aecial stage occurs infrequently on several species of Thalictrum as citron-yellow 
swollen lesions. The spermagonia form on the upper surface of the leaflet, followed by 
the small aecia on the under surface. The uredia on wheat and some grasses are round 
to slightly oblong, oranp yellow', and occur on the leaves and less commonly on the 
jBoral bracts. The urediospores are round to ovate, echinulate, with three to four germ 
pores distributed over the surface. Both the uredia and urediospores differ morpholoed- 
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The Fungm— Puccinia rubigo-vera tritici (Eriks.) 
( Uredo rubigo-vera DC.) 

[Puccinia rubigo-vera (DC.) Wint.] 
{Puccinia dispersa sp.f. tritici Eriks. 
{Puccinia triticina DrikB.) 
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eally from the comparahle structures in Pucdnia graminis. The telia are small, oval to 
oblong, black, and covered by the epidermis. The teliospores are surrounded by a thin 
layer of brown paraphyses. The teliospores are oblong to cuneiform, smooth, brown, 
slightly constricted at the septum, and rounded at the apex without pronounced apical 
thickening of the wall. Germination of the different spore forms is similar to that of 
P. graminis. 

Etiology.— This rust persists largely in the uredial stage. Infection 
of the more common aecial host Thalicirum pohjgamim Muhl. in North 
America is uncommon. Mains (1933) has listed 12 species of Thalictrum 
as susceptible to this rust. In both North America and Europe, the 
aecial stage is not important in the etiology of this rust parasite. The 
uredial mycelium and urediospores, to a lesser extent, survive the winter 
on winter-wheat plants as far north as winter wheat survives. New ure- 
dia develop early in the spring from this mycelium, and infection spreads 
from the new urediospores. There is some spring spread from urediospores 
produced the previous autumn. In the areas of moderate to plentiful 
moisture, the urediospores on the mature crop reinfect the volunteer 
wheat seedlings and the fall-sown wheat. In such areas the grasses are 
not important in the production or continuance of the fungus. It is 
questionable whether the grasses play an important part in the mainten- 
ance or distribution of this rust, although Johnston (1940) , Mains (1933), 
and others have shown that a number of grasses including perennials are 
susceptible. The urediospores spread northward similar to those of 
Piiccmza gram-fms, as discussed by Craigie (1945). 

Control. — Leaf rust resistant varieties offer the chief means of control 
of this disease. Leaf rust resistant wheats are essential to economical 
wheat production, especially in the humid regions where winter and spring 
varieties overlap, as in the North Central United States. Most of the 
commercial winter varieties of this area are moderately to highly resistant 
to the races commonly occurring in this region. Many of the newer 
spring and winter wheats are resistant to the common races of both 
Pucdnia graminis tritici and P. ruhigo-vera tritici. 

According to Guard (1938), Johnston (1940), Vallega (1942, 1944), 
and others, more varieties resistant to leaf rust occur in the wheat species 
with lower chromosome numbers. Haynaldia villosa (L.) Schur. and 
Triticum monococcum L. are highly resistant. Nearly all the durums are 
resistant, whereas the emmers range from susceptible to resistant. T. 
timopheevi Zhuk, is resistant in both North and South America. Re- 
sistance to relatively large groups of races of the parasite are found in 
the T. vulgare Vill. group of varieties. Hope is intermediate in reaction 
to some few races and resistant to most. Resistance is controlled by 
several single factor pairs in the different sources of resistance, as dis- 
cussed by Mains et ah (1926), Roemer et aL (1938), and others. 
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Specialization is well developed in this parasite as over 128 physiologic 
races are differentiated on eight wheat varieties, as reported by Hasse- 
brauk (1937), Johnston and Mains (1932), Newton and Johnson (1941), 
Vallega (1942, 1944), and others. Many races are localized geographic- 
ally, while others are widely distributed, especially when urediospore 
dissemination occurs over wide areas. 
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CHAPTER XII 


GRASS DISEASES 

The grasses are receiving increasing attention as farm crops in many 
agricultural areas of the world. The more intensive cultivation of selec- 
tions obtained from the indigenous or introduced species and the re- 
establishment and maintenance of the more desirable natural ones are 
changing the concepts of grassland agriculture. Grasses are becoming 
specific crop plants in the rotation system on the farm, in the soil- 
conservation program, in pastures, and on the range. As such, they are 
evaluated not as grass associations, but rather as species, varieties, or 
strains which have distinct and widely varied propensities. The multi- 
plication of individual strains, by seed or clonal propagation, results 
in large populations similar or alike. The comparisons of large numbers 
of strains usually demonstrate differences, including disease reaction, 
between those single strain units within a species. Under these conditions 
diseases become a more evident factor in the development and economy of 
certain selected strains. Fortunately, the variability within a species 
generally affords ample scope for selecting disease-resistant lines when 
a suificient array of clonal or selfed strains are investigated under condi- 
tions favorable for disease development. Furthermore, the planting of 
an area with a single strain of grass without first evaluating it for disease 
reaction increases the chances for a disease normally of minor importance 
in a mixed-grass population to become one of major significance. There- 
fore, the investigation of the diseases of the grasses coincident with the 
breeding procedure is an essential phase of grass improvement. 

The importance of the disease and the etiology of the parasite vary 
with the production of the grass in pure stands, in nursery rows, or in 
seed fields and its use in pastures or on the range. Frequently a disease 
is severe in nursery rows or seed fields and unimportant in the pasture 
mixtures. Control measures often differ greatly under these varied 
conditions of growth. Much of the information available concerning 
the diseases of grasses is based largely on observation under pasture 
conditions or where the plants are growing in their natural habitats. 
The chapter on grass diseases must deal largely with symptoms of the 
diseases, the morphology of the parasites, and only the more general 
phases of etiology and control. Information on the geographical dis- 
tribution of the diseases frequently is inadequate, as the diseases have been 
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studied intensively in some regions and in others not at all. The wide 
variety of grass species involved and the still wider range of parasites 
make the task more difficult in the space allotted. Reference should be 
I made to the diseases on the cereal crops for more detailed discussions of 

;i many of the diseases common to the Gramineae.^ 

! 1, Nonparasitic Maladies. — The grasses, like the cereal crops, are 

subject to external manifestations of unfavorable environmental con- 
ditions. The response to soil mineral deficiences is similar in manifes- 
tation to that in the different cereal groups. Chlorosis, leaf flecking, and 
spotting are the common symptoms. 

Pigmented spots or blotches commonly occur on the leaves of many 
species, such as those of Andropogon, Bromus, Dactylis, Panicum, and 
Sorghum^ especially when inbreeding is employed in the breeding program. 

Bends and proliferation reported in many genera of the forage and 
pasture grasses are listed in this group, chiefly since no cause for either 
condition is known (Fischer, 1941, and Nielsen, 1941). The upper 
portion of the culm or the rachis bends downward usually in a hairpin- 
like turn. The inflorescences develop into proliferated leaf-like structures 
similar to ^^crazy top’’ in corn. Both conditions frequently occur on the 
same plant. 

2. Mosaics, Viruses.— Two mosaic complexes occur on the grasses. 
The grass mosaic complex, prevalent on sugarcane, corn, and related 
grasses, is relatively common on many of the grasses of the warmer 
climates. The chlorosis, mottling, or striping and other symptoms 
generally found are similar to those existing on sugarcane. The wheat 
mosaic occurs on Bromus inermis Leyss in South Central United States 
and is reported in Southern Russia, according to McKinney et al. (1942) 
and others. Some of the Avena spp. are infected with the oat mosaic. 
Based upon the reaction of the cereals, strains of the grasses resistant to 
these mosaic complexes probably occur. 

3. Bacterial Blights, Pseudomonas coronafadens YSbT, atropurpureum 
(Reddy and Godkin) Stapp, Xanthomonas translucens (L. R. Jones, 
A. G. Johnson, and Reddy) Dows., and Other Species.—Specialized 
varieties of the two common cereal bacterial pathogenes occur on the 
grasses. The bacterial blight caused by Pseudomonas coronafadens var. 
atropurpurea (Reddy and Godkin) Stapp is distributed widely on JSromits 
inermis Leyss and Agropyron repens (L.) Beauv. The lesions are first 
circular to elliptical, water-soaked, later browning and coalescing to form 
purplish-brown areas on the leaf blade and sheath (Fig. 65). Exudate 
on the surface of the lesion is absent. Spots on the pedicels and panicies 

^ General reference to the U. S, Dept of Agr.j Plant Disease Reporter a/rid Suppl^mtSj 
for the compilations and notes contained therein; those by G. W. Fischer, J. B. B[ardison, 
C. 0. Johnston, and R. Sprague were especially valuable. 
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are smaller and restricted. Many lines of these grasses are susceptible 
to bacterial blight. The disease occurs on Agropyron, Bromus, Elymus, 
Lolium, and Phleum spp. and other genera, according to Allison and 



Fig. 65. — Bacterial blight caused by Pseudomonas coronafaciens var. atropurpureum (A) and 
Xanthomonas translucens f. sp. cerealis, (B) on Bromus inermis, 

Chamberlain (1946), Reddy and Godkin (1923), and others. Certain races 
of Xanthomonas translucens f. sp. cerealis Hagb, cause an irregular brown 
leaf lesion or stripe with exudate on the surface of the leaves of Agropyron j 
Bromus j and Hordeum spp. (Wallin, 1946) (Fig. 65). Strains of the 
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Agropyron show differences in reaction to the disease (see Chap. III). 
Wallin and Reddy (1945) described X. translucens var. phleipratensis 
Wal. and Reddy on timothy. The head blight caused by Bacterium 
agropyri (O’Gara) Stapp, [Phytomonas agropyri (O’Gara) Bergey c^aZ.], 
(Aplanobacter agropyri O^Gara), described by O^Gai’a (1916)^ occurs on 
Agropyron spp., Sitanion juhatum J. G. Smith, Sporoholus airoides 
(Torr.) Torr., and other grasses. The disease is similar to the European 
bacterial blight (Sampson and Western, 1941) of Dactylis glomerata L. 
caused by Corynebacterium ratliayi (E. F. Sm.) Dows., [Phytomonas 
rathayi (E. F. Sm.) Bergey et aL], (Aplanobacter rathayi E. F. Sm.), 
which apparently occurs occasionally on this grass in North America. 

The head blight caused by the former species is prevalent in Northern 
North America, where it causes some damage in seed production. The 
lesions occur sparsely on the leaves; they involve mainly the inflorescences. 
Severe infection results in erect leaves and distorted spikes, or panicles 
partly enclosed in the leaves, with an abundant yellow exudate over the 
diseased surfaces. Seed transmission of these two diseases is common. 
Exclusion of seed lots from areas where the disease occurs and seed treat- 
ment with solutions of formaldehyde or organic mercury compounds are 
recommended. 

The sorghum and sugarcane bacterial blights occur on the related 
grasses. The more prevalent of this group are the bacterial stripe and 
streak of Johnson grass [Sorghum hatepense (L.) Pers:] and Sudan grass 
[aS. vulgare var. sudanense (Piper) Hitchc.] (see Chap. IX). 

4. Pythium Seedling Blight and Root Rot, Pythium Spp. — The Pythium 
spp. common on the cereal crops cause severe damage to the grasses, as 
reviewed by Sprague (1944). This disease complex apparently is more 
severe in the heavy or fine soil areas of West Central North America, but 
it is general in occurrence in all areas. Preemergence seedling blight and 
damping-off of young seedlings more generally is caused by Pythium 
debaryanum Hesse. P. graminicolum Subr. causes a seedling blight and 
root rot of grasses. P. arrhenomanes Drechs., similar to the above, is 
distributed widely on the grasses, especially in association with the root 
browning and root rotting of seedlings and growing plants. The plants 
are weakened and yellowed or killed by the root rot, depending upon the 
environmental conditions. Differences in the tolerance of lines of the 
grasses are evident, and selection for resistance to this root-disease 
complex is important in grass breeding. Crop sequence, soil fertility, 
soil preparation, and time of seeding are important in control. Other 
species of Pythium are associated with the complex, as discussed in Chap. 
XL 

5. Downy Mildews, Sclerospora Spp. — The downy mildews are not 
serious diseases on the major forage and pasture grasses, Sclerospora 
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graminicola (Sacc.) Schroet. occurs especially on species of Pennisetum 
and Setaria, but the grasses of economic importance in this group are 
grown largely in tropical or in the Asiatic countries according to Hiura 
(1935). /S. macrospora Sacc. occurs in localized areas on a number of 
economic grasses, as well as the cereals, in the more temperate zones. 
Apparently the disease is restricted in its spread, although its occurrence 
in increasing frequency in the Central United States warrants further 
consideration, especially for forage grasses (see Chaps. V and XI). 

6. Powdery Mildew, Erysiphe graminis DC. — Powdery mildew is dis- 
tributed widely on many genera of the grasses. However, the disease is 
of direct economic significance at present on a relatively few grasses, 
notably Agropyron, AgrostiSj Avena, Festuca, and Poa spp. and strains. 
Very resistant and susceptible types occur in the nursery investigations 
with many of these grasses. Powdery mildew is potentially more 
dangerous in nurseries and seed fields than in pastures. The disease 
appears during cool somewhat cloudy seasons, especially on the leaves. 
The powdery superficial, white, gray, or buff mycelium and conidia 
develop in blotches or spread uniformly over the leaf surface. The leaves 
frequently brown and dry out, gradually reducing the leaf area and 
forage. The symptoms are less conspicuous where the grasses are 
grazed or cut closely. 

Erysiphe graminis consists of many specialized varieties and races on 
the cereals and grasses. According to Hardison (1944, 1945) and others, 
specialization is less restricted in the grasses than in the cereals. Certain 
of the wild grasses furnish inoculum for the cereal crops as well as for 
some commercial grasses. Resistant varieties or strains offer the best 
means of control of the disease (see Chaps. Ill and XI). 

7. Ergot, Claviceps Spp.— Several species of Claviceps somewhat 
similar morphologically occur on the cereals and grasses. According to 
Langdon (1941), Claviceps pusilla Ces. is the species causing ergot on 11 
genera of grasses of Australia and the South Pacific. One genus of this 
group of grasses, Digitaria, is common in the United States, and several 
others are introduced. Apparently the disease is not reported on these 
grasses in the United States. C. paspali F. L. Stevens and Hall is severe 
on Dallis grass, Paspalum dilatatum Poir, and other species in the warmer 
areas (Lefebvre, 1939). The ergot sclerotia frequently are infected by 
Fusarium spp. in the humid Gulf area of the United States. The sclerotia 
and perhaps Fwsana in combination cause respiratory disturbances, 
partial paralysis, and poisoning of .livestock feeding on the heavily 
infected Dallis grass in this area (Brown, 1916). This type of poisoning 
is more common than abortion and capillary constriction in the body 
extremities, which are the more usual pathological responses of animals 
consuming the sclerotia of Claviceps purpurea (Fr.) Tub The composition 
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of the sclerotia of the two species is different in both quantity and type of 
alkaloids present (Gieger and Barrentine, 1939). 

The common species, widely distributed on the grasses, is Claviceps 
purpurea (Fr.) Tub This species occurs on the cultivated and wild 
grasses throughout the temperate zones. The disease reduces seed 
production- in areas of high summer humidity and causes abortion, 
reduction in milk secretion, and constriction of the capillaries when eaten 
in quantities by livestock. The disease is particularly severe on Agropyron 
spp., Agrostis gigantea Roth., Bromus inermis Leyss, Calamogrostis s-pp., 
Daciylis glomerata L., Elymus condensatus Presl., E. triticoides Buck!., 
Festuca elatior L., and the Poa spp. 

The fungus infects the young ovaries of the grass flowers, produces 
conidia, and finall}^ produces sclerotia that replace the seed in the infected 
flowers. The conidial, or ^^honey-dew,” stage is conspicuous on the spike- 
lets as the grasses are in the late-bloom stage. Insects collect around the 
diseased florets as they feed on the sticky exudate. The sclerotia develop 
below the conidial stromata and grow into elongated brownish-black or 
purplish-black bodies somewhat the shape of the grass caryopsis (Fig. 66). 
When mature, the sclerotia usually extend beyond the floral bracts. The 
sclerotia become detached from the mature plant and fall on the ground, 
or part of them are harvested with the hay or seed crop. The sclerotia 
remain on the soil surface, overwinter, and produce the ascigerous stage, 
which is well synchronized with the blossoming of the grasses the following 
season. The description of the disease and morphology of the fungus is 
given in Chap. VIII. 

Apparently the same race of the parasite occurs on most of the common 
grasses (McFarland, 1921, St^er, 1903, 1905, 1922). Ascospores or 
conidia produce infection on many of the grasses and cereals commonly 
grown in the temperate zones. The parasite on Lolium is specialized to 
this genus and some few closely related grasses. There is some evidence 
also that the race on Glyceria is restricted to this genus. While there are 
marked differences in susceptibility among the grass species, the economic 
grasses show little indication of highly resistant strains. Gutting grasses 
in pastures and waste places before blossoming helps reduce the inoculum 
and resultant damage from the sclerotia. 

The species Claviceps microcephala (Wallr.) Tub is listed as occurring 
on grasses in both North America and Europe. Fetch (1938) and others 
have shown that this species is not morphologically distinct from C. 
purpurea. The two species are reported on the same or similar groups of 
grasses and in approximately the same areas, although the former species 
is reported from somewhat more northerly regions in both North America 
and Europe. Other species differing somewhat in morphology and 
pathogenicity are reported. 
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8. EpicMoe Head Blight or Choke, Epichloe typhina (Fr.) TuL— The 
disease is of minor importance in North America. It occurs sparingly on 
a large number of grasses but is sometimes abundant on Poa spp. in 
North Central North America. In Europe and Asia, however, the 
disease is a serious factor in seed production, especially in the cool, humid 
northern regions, as summarized by Sampson and Western (1941). The 
disease is restricted apparently to limited areas in North America where 
the seasons are cool and the winters are mild or where the plants are 
protected by snow. The fungus Epichloe typhina (Fr.) TuL produces a 
perennial mycelium in the crown buds of infected plants and a systemic 
infection of the primordial tissues. In summer, the mycelium forms a 
white felt over the surface of late tillers or more characteristically a white 
stroma with minute conidia over the inflorescence as it emerges. The 
stroma usually encloses all the spike or part of the inflorescence in the 
case of the more open panicle type of grass species. The color of the 
stroma changes to orange as the plants approach maturity, and numerous 
perithecia with papillate ostioles develop submerged in the stroma. The 
asci contain eight hyaline filiform many-celled ascospores, which are 
forcibly discharged and wind-borne. The stroma disintegrates after the 
plants are ripened fully. Seed transmission occurs in Festuca rubra L. 
and probably in other grasses in which diseased plants produce seed. 

9. Tar Spot, PhyllacJiora Spp.— Tar spots are distributed widely on a 
large number of grasses; however, they are localized and rarely become 
general in nursery, field, or pasture. The black sunken glossy spots on 
the leaves are conspicuous when the plants are infected heavily. PhyU 
lachora graminis (Fr.) Fckl. is one of the more common species, although 
many others are described on the grasses. The perithecia are immersed 
in the black stroma with the ostioles opening on both surfaces of the 
leaves. The asci are cylindrical with short pedicels, intermixed with 
filiform paraphyses, and contain eight ovoid hyaline unicellular ascospores. 
Orton (1944) has summarized the literature concerning the species on the 
Gramineae. Over 40 species were described, the differentiation being 
based on the clypei and the size and shape of the ascospores. 

10. Snow Mold and Foot 'Rot, Caloneciria graminicola (Berk, and Br.) 
Wr. [Fusarium nivale (Fr.) Ces.].— This disease of the grasses is similar to 
that occurring on winter wheat. Damage is more severe on turf species, 
especially where they are grown under conditions of heavy nitrogen 
application to force late summer vegetative development (Fig. 67). The 
disease and its control is discussed by Broadfoot (1938), Bennett (1933), 
Dahl (1934), Wollenweber and Reinking (1935), and Sampson and 
Western (1941). The treatment of turf of golf greens and lawns with 
fungicides, especially the mercury compounds, is practical. This also 
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controls the snow scald and snow mold caused by Typhula^ Sclerotiumy 
and RMzoctonia wpp. (see Chap. XI). 

11. Seedling Blight and Crown Rot, Gibberella and Fusanum Spp.— 
This type of seedling blight and crown rot, so common on certain of the 
cereal crops, is of minor importance on most of the grasses. Fusarium 
culmorum (W. G. Sm.) Sacc. causes some damage in the more northern 


Fig. 67. — Snowmold damage on a golf green, photographed early in the spring. 


sections of North America and Europe. The many species associated 
with decaying roots and crowns of the grasses apparently develop as 
secondary or saprophytic organisms on the weakened or dead tissues, 
according to Sprague (1944) and others. Spikelet and spike blight 
caused by Gibberella zeae (Schw.) Fetch [Gibberella saubinetii (Mont.) 
Sacc.] occurs sparingly on some grasses in the humid, warm sections of 
the corn belt and other humid regions. 

12. Take-all, Ophiobolus graminiB Sacc.— Take-all sometimes occurs on 
native grasses in Canada and Western United States and in Australia. 
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Evidence has been secured that indicates that it was indigenous on the 
grasses in these regions, spreading to wheat later. The disease is dis- 
cussed in detail in Chap. XL 

13. Heiminthosporium Foot Rots and Leaf Blights. — Some 30 species 
oi Helminthosporium occur on the grasses in various parts of the worldj 
as reported by Drechsler (1923, 1929, 1930, 1935), Henry (1924), Hynes 
(1937), Nishikado (1929), and Sprague (1944). Some, such as Helmin- 
thosporium sativum Pamm., King, and Bakke, are of major importance in 
the economy of grass production, others are more restricted in distribution 
and in the grasses attacked and are potential hazards in the production of 
susceptible lines of the grasses only. 

Plelminihosporium sativum Pamm., King, and Bakke probably ranks 
as the species of first importance on the grasses. The general symptoms, 
morphology, and etiology of diseases caused by this cosmopolitan species 
are discussed in Chaps. Ill and XI. The parasite causes seedling blight 
and root rot on a wide range of grass species, especially in the central 
prairie area of North America. According to Andrews (1943), Chris- 
tensen (1922), and others it is probably the most important seedling and 
root parasite on the grasses in the humid North Centi*al area. This 
fungus is exceeded in importance only by Pythium spp. in the drier prairie 
areas of the United States and Canada, as summarized by Sprague (1944). 
The disease also occurs on grasses in other countries. Both Pythium and 
Helminthosporium root rots are important in reducing the stands in 
many of the economic grasses. The Poas are resistant to H. sativum, but 
stands in Poa pratensis L. are damaged, especially in the more southern 
range of this grass, by another species, H, vagans Drechs. 

Helminthosporium vagans Drechs. causes a leaf spot and culm and 
crown rot of Poa pratensis and some other species of this genus. The 
organism is widely distributed in North America, and it is common in 
Europe. The bluish-brown leaf spots are numerous on the leaves. The 
diffuse brown lesions on the base of the culm and crown are abundant 
from midsummer to autumn (Fig. 68). Young plants, especially seedlings 
in old sod, are killed, and older plants are weakened. The conidia are 
cylindrical to slightly tapering toward the apex, rounded at the ends, 
measure 8-10 by 50-280 microns, and are dark olivaceous in color. They 
germinate by the formation of germ tubes from the end and middle 
segments. Blue grass strains show differences in susceptibility. PL poae 
Baudys occurs on Poa secunda Presl, and P. trivialis L. in North America. 

Pyrenophora hromi Died. {Helminthosporium hromi Died.) is common 
on Bromus tnermis Leyss and some other species of the genus. The 
disease appears as small dark-brown oblong spots on the first leaves to 
develop in the spring and continues until mid-summer (Fig. 68), The 
older lesions are surrounded by a yellow margin. Severely infected leaves 
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Fig. 68. — (A) Leaf spots caused by Helminthosporium mgans on Poa pratensis, (B) Leaf 
blotch caused by II. dicfyoides on Fesiuca elatior. (C) Brown leaf spot caused by Pyrenophora 
bromi on Bromus inermis. 


germination occurs from the middle and end cells. The ascospores are 
light brown, measure 20-30 by 45-72 microns, are uniformly divided by 
three transverse septa, and longitudinal septa occur in one or both of the 
middle cells (Chamberlain and Allison, 1945, and Drechsler, 1923). The 
disease is generally more abundant in nursery or seed fields than in 
meadows. Variation occurs in the reaction of inermis strains to the 
organism. 
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Pyrenophora tritid-repentis Died. (Hehninthosporium triUd-repentis 
Died.) is widely distributed on some Agropyron and Elymus The 

disease is found more commonly in North America on AgTopyron repem 
(L.) Beauv. The leaf spots are indefinite brown blotches with conidia 
on the older areas. The brown lesions around the base of the culms are 
not defined clearly. The conidia are cylindrical, straight, the basal cell 
tapering sharply to the hilum, and measure 7-9 by 80-220 microns. The 
ascospores are light brown, with three transverse and two longitudinal 
septa, and are 18-28 by 45-70 microns in size. 

Three species of Helminthosporium occur on the creeping bent grasses 
and redtop {Agrostis spp.). Helminthosporium stenacrum Drechs. causes 
a mild leaf blighting without definite pigmented spots. The conidia are 
hyaline to yellow, cylindrical with rounded ends, and occasionally produce 
narrowed distal prolongations. They are 15-23 by 53-135 microns in 
size, and germinate from several or all segments. H, erythrospilum 
Drechs. is distributed widely in North America on Agrostis spp. on which 
it produces small reddish-brown or russet spots followed by the killing of 
the leaves. The conidia are yellow to light olivaceous in color, straight 
cylindrical with abruptly rounded ends, measure 8-16 by 25-105 microns, 
and germinate from any or all cells. JT. triseptatum Drechs, causes straw- 
colored leaf spots and some wilting of leaves on the Agrostis spp. The 
disease occurs sparingly on velvet grass, Holcus lanatus L. ; orchard grass, 
Dactylis glomerata L.; rediop j Agrostis Roth.; and timothy, 

Phleum pratense L. The conidia are dark olivaceous in color, ellipsoidal 
or short cylindrical, sometimes tapering toward the base, with hemi- 
spherical end cells, 2- to 3-septate, measure 15-21 by 35-50 microns, and 
germinate from the basal cell. 

' Helminthosporium giganteum Heald and Wolf produces a zonate eye 
spot with brown margins and tan centers on the foliage and inflorescence 
of a large number of grasses, especially in the warmer climates of North 
America. The huge conidia are pale brown, cylindrical, slightly tapering 
to both ends, with rounded apical cells, 5-septate, measure 15-21 by 
300-315 microns, and germinate from the middle and end cells. 

Helminthosporium siccans Drechs. occurs on several cultivated species 
of Lolium in North America and Europe. The dark-brown elongated 
spots coalesce, forming mottled discolored areas, drying of the leaf blades 
and finally of the sheaths. The inflorescences are spotted and reduced 
in development. The conidia are yellow to light brown, straight, slightly 
tapering toward the apex, with rounded end cells, measure 14-20 by 35-130 
microns, and germinate from middle and end cells. 

Helminthosporium cynodontis Msirig, occurs abundantly on the same 
grasses as H, giganteum and causes leaf withering and bleaching. Tht-. 
conidia taper toward both ends, are generally curved and 3- to 9-septate, 
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measure 11-14 by 27-80 microns, and germinate from the end cells only, 

Helminthosponum dictyoides Drechs. produces a brown net blotch on 
the leaves of Festuca elatior L. The disease is widely distributed in 
North America, and when severe it causes spotting, browning, and wilting 
of the leaves (Fig. 68). The conidia are yellow, straight, tapering 
gradually to the apex, typically 3- to 5-septate, 14 to 17. microns wide 
at the base by 23 to 115 microns long, and germinate from the end cells. 

Helminthosponum turcicum Pass, causes leaf blight and defoliation of 
Sudan grass and Johnson grass. The races of the parasite on these grass 
sorghums do not infect corn readily. The morphology of the fungus is 
given in Chap. IV. 

Helminthosponum mvenelii Curt, causes sooty spike on several species 
of Eragrostis and Sporobolus and probably on Panicum. The disease is 
widely distributed in the warmer, humid climates. The conidia are 
straight or sigmoid curved, tapering somewhat more at the base, rounded 
at the ends, usually 3- to 4-septate, measure 12-19 by 22-78 microns, and 
germinate from the apical cells. Nishikado (1929) listed H. miyakei 
Nishikado as an additional species causing sooty spike in Asia on Era- 
grostis pilosa (L.) Beauv. 

A few of the small-spored types (Curvularia) occur commonly on the 
grasses in addition to those described on wheat (Chap. XI). Curvularia 
geniculata (Tracy and Earle) Boed. is common on the dead tissues of the 
grasses. Under favorable conditions, root and crown tissues are invaded. 
The conidia form in dense clusters on the eonidiophores. They are 
curved more on one side than on the other, taper toward both ends, 
generally 4-septate with the center cell larger and darker colored, and 
measure 7-14 by 19-45 microns. 

The Helminthosporium spp. on the grasses are differentiated into two 
groups, as discussed by Drechsler (1934), Ito and Kuribayashi (1931), 
and others. In the species with the light-colored epispore wall, generally 
cylindrical conidia, and germinating from the middle and end cells of the 
conidia, the ascigerous stages are in the genus Pyrenophora (Pleospora). 
In contrast, the species forming conidia with darker olivaceous epispore 
wall, conidia tapering toward the ends, and germination from the apical 
cells only, the perithecial stages are in Cochliobolus (Ophiobolus) , A few 
species are associated with Leptosphaeria, 

14. Anthracnose, Colletotrichum graminicolum (Ces.) G. W. Wils. — 
The disease on the grasses occurs primarily as a root, crown, and culm rot, 
with the exception of Sudan grass on which it causes a zonate leaf spot. 
Considerable damage results on old sod in areas of light soils and depleted 
fertility. Anthracnose is discussed in Chaps. VIII and IX. 

15. Mastigosporium Leaf Fleck.— Leaf fleck occurs in spring and 
autumn on a large group of grasses. Numerous purplish-brown flecks 
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occur on the leaves. The lesions elongate and coalesce to form irregular 
blotches. The center of the mature lesion is lighter colored, and groups 
of glistening white to gray conidia are conspicuous on these areas. In 
Europe, Mastigosporium album Riess is the predominating species. The 
oblong conidia are 3- to 5-septate, with several long bristle-like append- 



Fig. 69 . — Scald osxtsed hy Bhynchosporium secaMs oa Bromtis inermis. 

ages arising from the apical cell, measure 14-18 by 40-62 microns, and are 
borne on short thick conidiophores. The variety of this species on orchard 
grass in Europe forms smaller conidia without appendages (Sampson and 
Western, 1941). According to Sprague (1938, 1940), the muticate type 
without appendages, commonly occurring on Agrostis, Calamagrostis, and 
Dadylis spp. in North America, is referred to another species, M. ruhri- 
comm (Dearn. and Barth.) Sprague. M. album var. calvum Ell. and 
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Davis, M. album Y&T. muticum Sacc., M. calvum (Ell. and Davis) 
Sprague, Fusorna rubicosa Dearn. and Barth., and Amastigosporium 
graminicolum Bond-Mart, are synonyms. The conidia are usually 
3-septate without appendages. A third species, M. cylindricum Sprague, 
on Bromus vulgaris (Hook.) Shear occurs in North America. The conidia 
of this species are cylindrical with blunt rounded ends and are much 
smaller than in the others. The leaf fleck diseases, when severe, defoliate 
susceptible liues of the grasses. 

16. Leaf Scald, Bhynchosporium secalis (Oud.) J. J. Davis and R. 
orthosporum Caldwell. — Scald is widely distributed on several, genera of 
the grasses, as well as on barley and rye. Races of Rhynchosporium 
secalis (Oud.) J. J. Davis, the species causing scald on the cereals, are of 
major importance on Bromus^ Agropyron, and Elymus in Northwest and 
North Central North America, Europe, and Asia. Specialized races occur 
on these grasses and cereals, as discussed by Caldwell (1937) (see Chap. 
Ill) . The leaf scald on Bromus inermis Leyss is severe during the early 
spring and late autumn (Fig. 69). Lines vary greatly in their reaction 
to the disease. R. orthosporum Caldwell is differentiated from the former 
species by the longer conidia and the absence of the beak on the apical 
cell. This species occurs in localized areas on Alopecurihs, Calamagrostis, 
and Dactylis spp. 

17. Streak or Brown Leaf Blight, Scolecotrichum graminis Fckl.^ — Many 
grasses are susceptible to this disease, which is distributed widely in the 
temperate zones. Bro7nus inermis Leyss is among the few economic 
grasses resistant to the disease. The grayish-brown to dark-brown linear 
lesions occur on the leaf blade and extend into the leaf sheath. Defolia- 
tion rcvsults from the lateral spread of the infection, especially in the leaf 
sheath. In the mature lesions, the dark-gray masses of conidiophores, 
arranged in rows as they emerge through the stomata on the upper surface 
of the leaf, are the distinguishing symptom of this leaf blight (Fig. 70). 
The conidophores are fasciculate, olive-gray, unbranched, irregular in 
shape, and occur in dense clusters in the stomatal openings. The conidia 
are elongate with brown to olive-brown slightly tapering ends and are 
aseptate. Several speeies oi Scolecotrichum have been described on the 
grasses, although most authors recognize the one species S. graminis Fckl. 
Von Hohnel transferred this species to the genns Passalora on the basis 
that the type species of the genus Scolecotrichum was founded on a mis- 
conception. Horsfall (1929), on the basis of the description of Cercospora 
graminicola Tracy and Earle (1895), included the species under this 
binomial. 

18. Ascochyta Leaf Spot. — Several species of Ascoc%^a occur on the 
grasses (Grove, 1935, 1937, Sprague, 1943). The indefinite spots of 
variable color appear on the older leaves and culms. The light-brown 
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lens-shaped or globose pycnidia with the pores opening to the surface 
form in groups within the tissues on these spots. The pycnidial wall is 
usually thin and frequently poorly defined at the base. The spores are 


Fig. 70. Streak or brown leaf spot caused by ScolecofrCchum graminis on Phleum pratense (.d), 
Dactylis glomerata (B), and Festuca elatior (C). 

hyaline to yellow, 1-septate, cylindrical to fusoid, and relatively short. 
Several species occur on the grasses. Ascochyta graminicola Sacc. and A. 
agropyrina (Fairm.) Trott. are the more common species. This group of 
leaf spot diseases occurs chiefly on the mature tissues of many grasscf 
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19. Stagonospora Leaf Spot. — The pycnidia form on the older leaves 
and culms with or without a conspicuous lesion. The pycnidia are 
globose to flattened, dark colored, and immersed or partly projecting 
through the epidermis often with a pore at the apex. The spores are 
hyaline, oblong, fusoid, or ellipsoid with two or more septa. Stagonospora 
arenaria Saco, is distributed widely on the grasses. 

20. Septoria Leaf Blotch, Septoria Spp. — Numerous species of Septoria 
occur on the grasses and cereals, especially in the temperate and sub- 
tropical zones. These leaf blotches occasionally cause defoliation and 
reduce seed yield. The irregular blotches are straw-colored to brown 
with dark-brown to black pycnidia on the older portions of the lesions. 
In many instances, the blotches are similar to those produced by Stagono- 
spora or Ascochyta. Likewise the morphological distinctions between the 
three genera on the grasses are not clearly defined, as pointed out by 
Sprague (1944). Septoria spp. generally are more aggressive as parasites 
on the cereals and grasses than those of closely related genera. 

In the genus Septoria, the pycnidia are subepidermal, slightly erumpent, 
and are formed in the older portions of the flecks or spots on leaf, culm, 
and inflorescence of the Gramineae (Frandsen, 1943, Grove, 1935, 1937, 
and Sprague, 1944). The pycnidia are globose to lens-shaped, brown to 
black, ostiolate, parenchymatous, comprising the outer several layers of 
brown polygonal cells and the inner layers of subhyaline to hyaline flat- 
tened or bulbous cells differentiating conidiophores. The conidia (pycno- 
spores) are hyaline to chlorinous, nonseptate to multiseptate, predomi- 
nantly at least ten times as long as broad, straight to curved, and fusi- 
form, filiform, or scolecosporous. Some of the species occurring on the 
grasses are listed in addition to those given under the respective cereal 
crops. Sprague (1944) gives a more detailed description of these and 
other species. He (1943) has differentiated the wider multiseptate 
yellowish-brown to light-brown spore color of the Septoria-like types on 
the grasses and transferred these to the genus Phaeoseptoria, 

Septoria tritici Rob. on Triticum spp. and the varieties S. tritici f, avenae 
(Desm.) Sprague on oats, S, tritici Ynvilolicola Sprague and A. G. Johnson 
on Lolium spp., and S. tritici f. /loZcf Sprague on Holcus lanatus L. are 
long-spored types (see Chap. XI). S. passerinii Sncc. occurs on Hordeum 
spp. and Sitanion hystrix (Nutt.) J. G. Smith (see Chap. III). S. secalis 
var. stipae Sprague occurs on Stipa and Agrostis spp. SShromi Sacc. is 
distributed widely on Bromus spp., and it occurs early in the spring, 
decreases in abundance during the hot summer, and reappears again in the 
autumn. The conidia are slender, whip-like, usually 2-septate and 
stouter in the late autumn. This leaf blotch is not so abundant as 
Selenophoma bromigena (Sacc.) Sprague and A. G. Johnson on Bromus 
inermis Leyss in Central North America (Fig. 71), S. jaculella Sprague 
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with straight, 2- to 5-septate conidia occurs on Bromtes spp. in the 
Western United States. S. macropoda Pass, and varieties are distributed 
widely on Poa spp. The pycnidia are flattened to globose, light brown, 
and produce small 1- to 3-septate filiform conidia. A second species, S. 


Fig. 71. — Typical leaf lesions of Selenophoma bromigena (A) and Septoria hromi {E) on 
Bromus inermis d^nd p-yQmdXxkm ot S, hromi, 

oudemansii Sacc., is common on Poa spp., and it is distinguished from the 
former by the lighter golden color and large closely packed cells of the 
pycnidia. The conidia are mostly cylindrical, wider, and shorter than in 
the former species, and usually 1-septate. elymi Ell. and Ev. (S. 
agropyri Ell. and Ev.) is common on Elymus and Agropyron spp. The 
pycnidia are flattened, thin-walled, and brown. The conidia are cylin- 
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drical to filiform and usually 3-septate. S. infuscans (Ell andEv.) 
Sprague (Cylindrosporium infuscans Ell. and Ev.) occurs on Elymus 
in Western North America and possibly elsewhere; a long-spored species 
SeptoTia padfica Sprague on Elymus mollis Trin. occurs in the western 
region. Other species occur on the grasses (Davis, 1942, Frandsen, 1943, 
Grove, 1935, 1937, and Sprague, 1944). 

The etiology and control are similar to that given for the cereals. 
Strains of the cultivated grasses show differences in susceptibility to the 
specific fungi causing these diseases. 

21. Selenophoma Leaf Blotch.— Sprague and Johnson (1940, 1945) 
transferred the species with falcate nonseptate spores to the amended 
genus Selenophoma, Selenophoma hromigena (Sacc.) Sprague and A. G. 
Johnson on Bromus inermis Leyss is one of the more common species of 
this group. The initial lesions appear as small brown flecks on the leaves 
early in the spring. The spots enlarge to form irregular blotches with 
translucent older portions in which the black pycnidia develop (Fig. 71). 
The mature pycnidia frequently drop out of the tissue, leaving small holes 
in the lesions. The spores are hyaline, narrow, tapering at the ends, 
slightly sickle-shaped, and nonseptate. Septa are formed during germi- 
nation on nutrient media. Lines of smooth brome grass show some 
differences in reaction to the disease (Allison, 1945). S, donoczs (Pass.) 
Sprague and A. G. Johnson and related forms occur on many species of 
grasses in North America. 

22. Rhizoctonia Root and Crown Rot.— Root rot, crown rot, and eye 
spot lesions occur on the lower leaf sheath tissues and culms of many 
grasses. The disease appears in localized spots early in the growing 
season. Brown patch of turf grasses in which the crown and leaf tissues 
are killed in local spots is a severe manifestation of the disease. The 
snow mold type of injury also occurs occasionally. Rhizoctonia solani 
Kuehn and other species of this genus are associated with the disease 
(Monteith, 1926, Sprague, 1944). Control of the disease on turf grasses 
is obtained by fungicides and the use of resistant strains in the creeping 
bents (Broadfoot, 1936, Monteith and Dahl, 1932). The disease is 
discussed in more detail in Chap. XI. 

23. Typhula Snow Mold or Snow Scald.— The snow mold caused by 
several species of Typhula is common on the grasses early in the spring, 
especially where the grass has been under a heavy snow covering (Fig. 67). 
Remsberg (1940) has summarized the literature on the genus and given 
the morphology of a number of species, including those associated with 
the disease on grasses. Typhula itoana Imai is apparently the most 
prevalent and widely distributed species on the cereals and grasses. 
Wernham (1941) reported a difference in the reaction of bent strains to 
this disease. Several resistant to Rhizoctonia and Fusarium were sus- 
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ceptible to Typhula. Andrews (1944) and Broadfoot and Cormack (1941) 
reported high- and low-temperature Basidiomycetes, respectively, dif- 
ferent from those above which cause severe damage to grass crowns of 
Agropyron cristatum (L.) Beauv. in Minnesota and westward during the 
summer in the former and to certain legumes and grasses early in the 
spring in Western Canada in the latter, 

24. Leaf Smuts, Ustilago and f/roct/^fis Spp— Numerous smuts occur 
on the grasses (Clinton, 1906, Fischer and Hirschhorn, 1945, Liro, 1924, 
1938, and Zundel, 1939, 1946). Like those present on the cereals, the 
spore-bearing sori are more or less specific to certain morphological parts 
of the grasses, such as, the leaves, culms, inflorescences, and caryopses; 
in some species the sori are formed in gall-like structures on the young 
tissues of any part of the plant. As an aid in recognition of the smuts and 
on the same basis used in the cereals, the grass smuts are grouped, 
primarily on the basis of symptoms, as presented by Fischer and Hirsch- 
horn (1945). 

The leaf smuts of the grasses appear chiefly in the leaf blades and leaf 
sheaths. These smuts are subdivided on the basis of symptoms into 
stripe smut, flag smut, and spot smut. While sori frequently develop 
in the inflorescences of the infected plants, the latter structures generally 
fail to develop and emerge from the leaf whorl, and therefore, they are 
inconspicuous on the smutted plants. The sori are linear, forming as 
long or short stripes between the veins of the leaves, depending upon the 
species involved. After the leaf epidermis is ruptured and the spores are 
discharged, the leaf tissues frequently present a brown shredded appear- 
ance. Chlamydospores in the shredded tissues aid in the identification 
of the fungus species. The sori in the leaf spot smuts are covered by the 
epidermis and are more permanent. The etiology of this group of smut 
fungi on the grasses is similar. Seedling or young crown-bud infection is 
followed by the systemic infection of the primordia. Spore formation 
occurs in the leaves as the latter become fully developed. In the peren- 
nial grasses the mycelium usually persists in the crown tissues and 
dormant buds over several years. In some strains of stripe smut, 
infection of bud primordia occurs in established perennial plants. Seed 
infection occurs in some grasses (Fischer, 1940). Two leaf smuts are 
distributed generally on a large number of the important pasture and 
turf grasses. 

Stripe smut caused by Ustilago siniformis (West.) NiessI occurs com- 
monly on redtop (Agrostis gigantea Roth), the creeping bents (A. palustris 
Huds. and A. tenuis Sibth.), timothy (Phleum pratense L.), and blue 
grass (Poa pratensis L.). It is less widely distributed on certain other 
Agropyron, Agrostis, Beckmannia, Elymus, Festuca, Holcus, LoUum, 
Poa, and Sitanion spp. and some other grasses. Physiologic races are 
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distinguished on certain of the grasses (Davis, 1930, Fischer, 1940). 
Resistant strains occur in some of the grasses. The sori form as long, 



Fig. 72. — Stripe smut on PhUum pratmse (4) and flag smut on Poa pratensis (B) caused by 
V&tilago siriiformis and Urocystis agropyri respectively. The chlamydospores of the two 
species are shown highly magnified in the inserts. 

narrow almost black stripes in the leaves and, leaf sheaths (Fig. 72). The 
leaves are shredded after the dispersal of the spores. Internodal elonga- 
tion and the development of the inflorescence is restricted in many grasses. 


276 


DISEASES OF FIELD CROPS 


The spores are globose to ellipsoid, dark olive brown, prominently echinii- 
late, and chiefly 9 to 12 microns in diameter. Spore germination occurs 
directly or after a resting period with the formation of a branched promy- 
celium and less frequently sporidia (Davis, 1924, Fischer, 1940, Kreitlow, 
1943, 1944). 

Flag smut cmsed by Vrocystis agropyri (Preuss) Schroet. is manifest 
especially in the upper leaves of a somewhat similar group of grasses as 
in the former species. This smut is widely distributed but occurs less 
abundantly than the former (Fig. 72). The spore balls are globose to 
elongate and are composed of one to four reddish-brown smooth fertile 
spores surrounded by smaller hyaline to light-brown sterile cells. The 
spore germination in this species is erratic, but is probably similar to 
that of the species occurring on wheat and rye. Fischer and Hirschhorn 
(1945) included the morphologically similar U, tritici Koern. and C7. 
occulta (Wallr.) Rab. as races under [7. agropyri. 

Brown stripe smut caused by Ustilago longissima (Schlecht.) Meyen is 
generally distributed on species of Glyceria. The long numerous sori in 
the leaves are light brown in contrast to the darker lesions of the former 
smuts. Spores are globose to elongate, golden yellow to light olivaceous, 
minutely echinulate, and 7 to 9 microns in diameter. U. aculeata (Ule) 
Liro occurs occasionally on Agropyron and Elymus spp. and cannot be 
distinguished macroscopically from the common stripe smut. The spores 
are dark brown, ovoid to globose, 12 to 19 microns in diameter, coarsely 
verrucose, and germinate with a branched promycelium. U. echinata 
Schroet., occurring sparingly on Reed canary grass {Phalaris arundinaceae 
L.) is similar to the large-spored type previously described. 

Leaf spot smuts caused by Entyloma spp. occur on many of the grasses 
throughout the world. The sori are formed in the leaves and less fre- 
quently in the floral bracts, and they appear as tar-like angular to oblong 
spots or blisters covered by the epidermis of the suscept. This group of 
Entyloma spp. is relatively similar in morphology, and confusion exists in 
the specific names used. The chlamydospores are angular to globose, 
6 to 14 microns in diameter, closely packed, usually smooth walled, light 
brown to reddish brown in color, and germinate, frequently in place, by 
the formation of a promycelium with terminal sporidia (Chap. VII). 
Entyloma lineatum (Cke.) J. J. Davis is common on Zizania aquatica L. 
and rice in North America and Europe. E. irregulare Johans on Poa spp. 
is distributed widely in Europe and North America, especially in the 
Northwest. E, crastophilum similar and perhaps synonymous with 
E. irregulare, occurs over the same area as the former on Phleum and 
Agrostis spp. and some other grasses. 

25. Culm Smuts. — The culm smuts are found chiefly in Western North 
America and in somewhat similar habitats in South America, Europe. 
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North Africa and Asia. Four species are differentiated on the grasses 
by Fischer and Hirschhorn (1945). 

Ustilago spegazzinii Hirsch. [U. hypodytes (Schlecht.) Fr.] and the 
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Fig. 73. — Culm smut caused by Ustilago spegazzinii on (^4.) Agropyron crisfatum, (B) A, 
trichophqrum, and (C) A. elongatum. The chlamydospores are shown highly magnified in 
the insert. 


variety [/. spegazzinii var. agrestis (Syd.) G. W. Fisch. and Hirsch. occur 
on Agropyron, Elymus, Poa, and some other genera. The sori are chiefly 
superficial on the internodes of the culms and sometimes on the aborted 
inflorescences. The naked linear dark-brown to black sori are covered 
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by the leaf sheaths (Fig. 73) . The spores are yellowish brown to olivac e- 
ous, globose to angular, with bipolar subhyaline crests of epispore echinu- 
lations; the remainder of the epispore wall is minutely echinulate. The 
chlamydospores are 4 to 6 microns in diameter and germinate by the 
formation of a branched promycelium and aerial sporidia. According to 
Bond (1940) and Fischer (1945), the mycelium persists in the crown and 
stolon tissues of the perennial grasses. Infection occurs in crown-bud 
primordia, and sori appear from two to three seasons following infection. 
This may be associated with the period required for the grass primordia 
to develop into culms, as suggested by Bond (1940) . The increase of smut 
in permanent stands of grasses makes this an important disease in areas 
where inoculum is present. Some selections of crested wheat grass 
[Agropyron cristatum (L.) Beauv.] apparently are resistant. 

Ustilago williamsii (Griff.) Lavrov, formerly included under C7. hy- 
podyteSj occurs on Oryzopsis and Stipa spp. in Western North America 
and Argentina. The symptoms are similar to those caused by U. spe- 
gazzinii. Spores are globose to subglobose, dark olivaceous brown, and 
the epispore is smooth, but deeply cracked and bearing two bipolar cap- 
like appendages. Germination occurs readily with the formation of a 
promycelium and sporidia. Culm smut caused by this species appears 
earlier after infection than in the former species. 

Ustilago halophila Speg. produces a culm smut on Distichlis spp. in the 
drier sections of North and South America and Australia. The plants 
are dwarfed, and the sori are covered early by the epidermis of the culm. 
The spores are globose to irregular, yellow brown to olive brown, smooth, 
without bipolar areas or appendages, and 5 to 7 microns in diameter. 
Spore germination is typically by the formation of a promycelium and 
sporidia. 

Ustilago nummularia Speg. occurs on AmmopMla^ Oryzopsis, mid 
Stipa spp. in "Western and Intermountain North America, Argentina, 
and Northern Europe. Sori are naked on the internodes and into the 
inflorescences. Spores are smaller than the former species and germinate 
by means of a branched promycelium without sporidia. 

26. Head Smuts. — The smuts forming sori in grass inflorescences are 
numerous and include some of the species occurring on the cereal crops. 
These smuts on the grasses are more abundant as a group in Western 
North America, although certain species are widely distributed. The 
head smuts, as grouped, include those producing spores in the inflorescence 
as a whole or those in which the floral bracts of the spikelets as well as the 
ovaries are involved. These are differentiated from the kernel smuts in 
which the sori usually are formed only in the ovariek Only the smuts of 
major economic importance are included. 
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TJstilago hullata Berk., causing the common head smut on a large num- 
ber of grasses, results in major losses in many economic species, as re- 
viewed by Fischer (1940). This smut is less common in the North Cen- 


Fig. 74. — Head smut of grasses caused by Ustilago bullata showing the range in symptoms on 
(A) Bromus carinatus, (B) Agropyron paueiflorum, (C) Bromus hordeaceus, (D) B. polyanthus, 
(E) B. caihariicus, and (F) Elymus canadensis. The chlamydospores, highly magnified, are 
shown in the insert. 

tral and Eastern United States, and apparently it is restricted to the drier 
areas in other countnes as well as in North America, The sori formed 
in the spikelets involve all or part of the floral bracts. They are enclosed 
in the epidermal membranes of the floral structures, which persist in 
varying degrees in the different grasses (Fig. 74). The spore mass is 
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dark brown to purple black and loose to semicovered in type, depending 
upon the grass species. The spores are globose to irregular, dark brown 
to olive brown, minutely echinulate to verrucovse, 5 to 14 but more often 
7 to 9 microns in diameter, and germinate to form a promycelium and 
sporidia. Seedling infection occurs, and in some of the perennial grasses 
the disease persists for several years. Fischer (1940) differentiated eight 
physiologic races and reported resistant lines in some grasses. Parker 
(1942) reported resistant lines in Bromus catharticus VahL {B. unioloides 
H.B.K.). This head smut is attributed to three species, similar mor- 
phologically, by Zundel (1939, 1946) and others: U, hromivora (Tul.) 
Fisch. de Waldh., U. huUata, and U. lorentziana Thuem. These are 
considered synonyms of U. bullata. 

Ustilago mulfordiana Ell. and Ev. occurs on Festuca spp. in the Inter- 
mountain states and in Western North America. Sori form in the aborted 
inflorescences and are concealed partly by the enveloping leaves. Spores 
are dark olivaceous brown, globose to ovoid, coarsely echinulate, and 
12 to 19 microns in diameter. 

Ustilago sitanii G. W. Fisch. produces a brown loose smut of the in- 
florescences and linear sori in the upper leaves of Sitanion and Hordeum 
spp. Spores are globose to ovate, light brown, minutely echinulate, 4 to 
5 microns in diameter, and germinate to form a promycelium without 
sporidia. 

Sorosporium syntherismae (Pk.) Farl. is distributed widely on Cenchrus 
and Panicum spp. The sorus is covered by a fungus membrane when 
young, which later ruptures, releasing the dark spore mass. The entire 
inflorescence is involved in the sorus, and later only the vascular elements 
remain. Spore balls are globose to oblong, dark brown and persist until 
the sori are mature. Spores are globose to elongate, brown, minutely 
verrucose, 8 to 11 microns in diameter, and germinate to form a promy- 
celium and sporidia. 

27. Kernel Smuts. — The more important kernel smuts of the grasses 
are those caused by species of Tilletia. These smuts occur on the grasses 
of the Western and Intermountain areas of North America and similar 
areas in other countries (Fischer and Hirschhorn, 1945). They are of 
economic importance on some of the better range and forage grasses. 
The sori form in the ovaries and assume the general shape and color of 
the caryopses of the species. The Tilletia spp. on some of the more im- 
portant grasses are described briefly. Some species of SphacelotJieca 
cause kernel smuts on the grasses. 

Sphacelotheca sorghi (Lk.) Clint, is distributed widely on Sudan grass 
and other sorghum grasses (see Chap. IX). 

Tilletia guyotiana Hariot on Bromus spp. Spores are yellow to chest- 
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nut, deeply reticulate, and 21 to 24 microns in diameter. The sterile 
cells are hyaline, smooth, and 14 to 18 microns in diameter. 

Tilletia fusca Wl. and Ev. on Festuca spp. Spores are dark, reddish 
brown, deeply and prominently reticulate, and 21 to 27 microns in diam- 
eter. Sterile cells are grayish yellow, smooth, and 12 to 20 microns in 
diameter. 

Tilletia cerehrina Eli. , and Ev. on Deschampsia spp. Spores are grayish 
brown, reticulate with the reticulations varying in size and shape, and 
21 to 25 microns in diameter. The sterile cells are hyaline to greenish 
yellow and 12 to 17 microns in diameter. 

Tilletia elymi Diet, and Holw. on Elymus glaucus Buckl. Spores are 
light olive brown to dark violaceous brown, globose to subglobose, and 
deeply reticulate. Reticulations are variable in size and shape and the 
spores are 21 to 28 microns in diameter. Sterile cells are hyaline to 
greenish yellow, smooth, thin-walled, and 17 to 21 microns in diameter. 

Tilletia hold (West.) Schroet. on Holcus lanatus L. is similar in spore 
morphology and size to T. cerehrina, 

Tilletia asperifolia Ell. and Ev. on Muhlenbergia asperifolia (Nees and 
Mey.) Parodi. Spores are yellowish to dark brown, 17 to 21 microns in 
diameter, and are enveloped by a thin hyaline membrane, distinctly re- 
ticulate to cerebriform. The sterile cells, larger than the spores, are 
hyaline, and the walls are laminated. 

T. caries (DC.) Tul. occurs on the wheat grasses (see Chap. XI). 

Many other smuts occur less generally on the cultivated and wild 
grasses (Clinton, 1906, Fischer and Hirschhorn, 1945, Zundel, 1946) 
(see also Chaps. Ill, V to IX, and XI). 

28. Stem Rust, Puccinia graininis Pers. — Stem rust is common on 
many of the grasses. The uredia develop on the leaves and culms, and 
the telia generally form on the leaf sheaths and culms. The symptoms 
and etiology are the same as on the cereal crops (see Chaps. VI and XI). 
The specialized varieties and physiologic races occurring on the cereals 
as well as Puccinia graminis agrostidis Enh^., P. g. phlei-pratensis (Eriks, 
and Henn.) Stakman and Piemeisel, P. gf. poae Eriks, and Henn., and 
other varieties cause damage on the grasses. Both hay and seed produc- 
tion in many of the economic grasses are reduced by stem rust. Some 
species, e. g., Bromus inermis Leyss, are resistant to stem rust. The re- 
action of certain of the grasses to P. graminis; P, ruhigo-vera (DC.) Wint., 
P. glwnarum (Schm,) Eriks, and Henn., and P. cororiaia Cda. is given in 
the following table. 

29. Leaf Rusts. — The leaf rusts on the grasses are caused by several 
species, the most important being Puccinia rubigo-vera (DC.) Wint. 
Mains (1932) combined a large number of morphologically similar leaf 
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The Eange in Keaction of Some Genera and Species of the Grasses to Pucdnia 
graminis and Specialized Varieties, P. ruhigo-vera, P. glumarum, and 
F. coronafa in the United States and Canada"** 
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The Range in Reaction of Some Genera and Species of the Grasses to Puccinia 
graminis and Specialized Varieties, P. rvbigo-vera, P, glumarwmj and 
P. coronata in the United States and Canada* {Continued) 


Genera of grasses or species 
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* Fischer, G. W. and M. N. Levine. Summary of the recorded data on the reaction of wild and cul- 
tivated grasses to stem rust (Pticanfa graminis), leaf rust (P. ruhigo-vera), stripe rust (P. glumarum), and 
crown rust {P, coronata) m. the United States and Canada. U. S. Dept. Agr. PL Dis. Reporter SupL 130. 
1941 (Mineographed). \ 

t Puccinia graminis without designation of race or including all of the physiologic ra 
R — resistant or failed to infect; S — susceptible, based on observation or inoculation. 


m 


DISEASES OF FIELD CROPS 


rust species under this binomial. On the basis of the reaction of the 
grasses to the rusts and in most instances including the reaction of the 
plants known to be the aecial hosts of these rust parasites, Mains grouped 
them into specialized varieties of F. rubigo-vera using the trinomial system. 
He listed 56 trinomials for the varieties with uredia and telia on the cereals 
and grasses and with aecia on species or groups of species of Thalidrum, 
Clematis, Anemone and Hepatica, Aquilegia, Delphinium, Ranunculus, 
Actaea, Aconiturn, Anchtisa, Onosmodium B,nd Macrocalyx, Symphytum 
and Pulmonaria, Lithospermum and Myosotis, Phacelia, Hydrophyllum, 
and Impatiens, as well as some few with aecia unknown. These special- 
ized varieties of P. ruhigo-vera cause the more important leaf rusts on the 
grasses. The urediospores are ovate to globose with germ pores distrib- 
uted in contrast to the elliptical or pyriform urediospores with equatorial 
germ pores in P. graminis. The telia of P. ruhigo-vera are covered by 
the epidermis in contrast to the naked telia in P. grarninis. See Chap. 
XI for the detailed morphology. The reactions of some of the grasses 
to this species are given in the preceding table. 

Crown rust caused hj Puccinia coronata Cda. is distributed widely and 
is important economically on oats and many grasses (see the preceding 
table). Several specialized varieties of the fungus occur on the grasses 
as well as physiologic races. The aecial stages of these varieties are spe- 
cialized somewhat on Rhamnus spp. and on Berchemia scandens (Hill) 
TreL, Elaeagnus commutata Bernh., and Shepherdia canadensis (L.) Nutt. 
The morphology and etiology of this species is given in Chap. VI. The 
digitate projections, forming a crown on the apex of the teliospore, dif- 
ferentiate the fungus from those causing other leaf rusts. 

Puccinia poae-sudeticae (West.) J^rstad is distributed widely on many 
species of Poa and a few other grasses. It is prevalent on Poa pratensis 
L. in the humid temperate zones. The aecial stage of this fungus is un- 
known. The uredia are epiphyllous, orange yellow, with numerous periph- 
eral paraphyses. The paraphyses around the urediospores differentiate 
this species from P. ruhigo-vera. The urediospores are similar in the two 
species. Telia are covered rather permanently by the epidermis, and 
numerous subepidermal paraphyses are present, especially in the periph- 
ery of the telium. The teliospores are oblong or clavate, dark brown, 
and short-pedicled. 

30. Stripe Rusts. — The brown stripe rust caused hj Puccinia fnontan- 
ensis Ell. occurs on the leaves of Agropyron emd Elymus spp:, Melica im- 
perfecta Trill., and some few other grasses. The aecia occur infrequently 
on Berberis fendleri Gray. This rust is distributed chiefly through West- 
ern North and South America, The uredia on the leaves form narrow 
long lines, dark reddish brown in color. Numerous clavate paraphyses 
surround the urediospores. The telia are oblong, grayish brown and 
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often form narrow lines below the leaf epidermis. This rust is differen- 
tiated from the yellow stripe rust by the differences in color, shape, and 
time of appearance of the uredia and the shape and abundance of para- 
physes in the uredia. 

The yellow stripe rust caused by Puccinia glumarum (Schm.) Eriks, 
and Henn. is common on many grasses in the Intermountain and Pacific 
Coast area of North and South America and northern Europe and Asia. 
The geographic distribution of this rust is limited to the areas of relatively 
cool climates. Many of the economically important grasses are damaged 
in early spring by this rust. (See the preceding table for the reaction of 
grasses.) The uredia form orange-yellow stripes on the leaves and floral 
bracts, especially during cool cloudy weather. The uredia are orange 
yellow, with occasional hyphoid paraphyses around the outer edges. 
Telia form less abundantly than the uredia, and they appear as fine dark 
lines below the epidermis. The morphology, etiology, and control are 
discussed in Chap. XI. 

Many other rusts occur on the grasses, as listed by Arthur (1934) and 
others. 
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SECTION III 

DISEASES OF LEGUMES 

CHAPTER XIII 

ALFALFA AND SWEETCLOVER DISEASES 

The common alfalfa or lucerne, Medicago sativa L., is grown extensively 
for hay and pasture. Varieties of this species constitute one of the most 
valuable hay and seed crops of the forage legumes. Some few additional 
species, notably M. falcata L., are used as forage crops in some areas 
(Tysdal and Westover, 1937). Many species, both perennial and annual, 
occur wild in central and western Asia, southern Europe, and northern 
Africa. Grossheim (1930) lists 25 species of Medicago occurring in the 
Transcaucasian area. Some of the annual species, introduced from 
Europe, occur wild in pastures and waste places in North and South 
America. Some of the diseases described occur on the annual as well as 
the perennial species. 

The genus comprises a polyploid series with a basic chromosome num- 
ber of 8 pairs (Wipf , 1939) . One annual species, Medicago hispide Gaertn. 
is apparently the exception with 7 chromosome pairs. M. sativa and M, 
falcata are tetraploid species with 16 chromosome pairs. Polyploids of 
the former species are reported. 

Alfalfa is one of the ancient perennial forage legumes adapted especially 
to semiarid regions. In this widely diverse cross-pollinated species, 
strains or varieties occur that are adapted to cold, relatively high summer 
humidity and other variations in climate. The generally high self-steril- 
ity of the plants make the isolation and stabilization of the desirable 
characters for plant growth, disease resistance, and seed production dif- 
ficult. Selfing, sib-pollination, and clonal propagation are important 
in the breeding program and especially in the comparisons of disease 
reaction. 

The perennial species develop a crown of stem branches, including 
axillary and secondary buds and a tap root. The stems and roots develop 
secondar}?' thickenings. The annual stems develop from the crown buds. 
The crown and root tissues constitute the important storage tissues. 

Several species of Melilotus are used for forage and soil improvement. 
Varieties of white sweet clover. If eEZo to aZ6a Desv., yellow sweetclover, 
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M. officinalis (L.) Lam., and M. indica All are used more commonly. 
The species studied have eight chromosome pairs. The adaptation of 
the biennial and annual varieties is relatively wide. The plant structure 
and general anatomy is similar to alfalfa, and many of the diseases are 
similar in the two crops. 

1. Cold and Winter Injury. — Winter injury is common in alfalfa, 
especially in the northern range of its cultivation. The crown and root 
tissues of alfalfa and clover plants are damaged by low temperatures and 
desiccation, smothering by ice sheets and tissue injury, and heaving by 
freezing and thawing. Frequently one or a combination of these types 



■Winter injury in alfalfa root and crown. (A) Sound; (B) injured. {Courtesy of 
F, R, Jones.) 


of injury results in winter killing of extensive acreages of these crops. 
Plants with less severe injury are damaged further by the entrance of 
fungi and bacteria into the tissues before the injured tissues recover or 
are repaired by cellular activity (Jones, 1928, Peltier and Tysdal, 1931, 
Weimer, 1929, 1930) (Fig. 75). 

Damage in 1-year old plants is located usually in the phloem and 
phloem rays or is restricted to the large cells exterior to the phloem fibers. 
Injury in the exterior of the phloem results in a sheath of damaged tissues 
surrounding the root, which kills the phellogen or cork cambium exterior 
to it. Injury in the phloem usually is accompanied by necrosis of the 
large cells in the xylem rays in the center of the root. In more severe 
winter damage, portions of the root near the crown are killed completely 
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or disorga riized sufficiently for fungi to enter and rot the tissues/ including 
those of the base of the crown. Under such conditions, the plants fail 
to recover the following spring. 

Damage in plants the second season or later is largely in the paren- 
chymatous cells of the phloem and phloem rays. The location of the 
injured cells is different than in the first year, however, as they are located 
inside rather than outside the last group of fibers of the phloem. This 
injury usually extends inward through the cambium and xylem rays of the 
previous season’s growth and results in breaks in the cambium cylinder, 
but usually the injury does not extend inward to the center of the root. 
Damage in the sheath of cells immediately beneath the phellogen occurs 
independently or in conjunction with phloem injury (Fig. 76). 

Injury of the crown stems is similar to that in the roots. The large 
cells beneath the phellogen show damage first. The ray cells are dam- 
aged, and the bundles become separated by these dead cells. Phloem 
parenchyma is injured as in the root. Crown buds are damaged or killed 
in some instances. Jones (1945) using clonal populations from a large 
number of plants has shown differences in type and degree of injury in 
plant lines and in stem growth of injured plants. 

The nature of the injury appears to be due in part to the separation of 
the cells along the middle lamellae. When extensive, this results in the 
physiological isolation and death of the tissue. The cells are killed and 
sometimes ruptured by the freezing. These injured cells and those ad- 
jacent respond by biochemical changes and the deposition of brown 
arnorphous substances in and between the injured cells. The injured 
cells are isolated ultimately by the meristematic activity of the surround- 
ing ceils. 

The response to injury is conditioned by the character of the cells ad- 
joining the injured tissues. If these tissues are capable of rapid meriste- 
matic activity, repair is rapid and complete before decay of the injured 
tissues progresses far beyond the damaged ceils. Under less favorable 
situations, fungal or bacterial development in the tissues is extensive. 
According to Jones (1928), Jones and Weimer (1928), Wiant and Starr 
(1936), bact(,‘rial wilt of alfalfa occurs in greater abundance in plants 
damaged by winter iiijur^u The initial tissue damage and recovery in 
injured jdants differs with varieties, the storage of reserves in the previous 
season, the environmental conditions and other factors (Albert, 1927, 
Graber et «L, 1927, Nelson, 1925, Steinmetz, 1926). 

Control of winter injury depends largely upon the use of adapted 
varieties, resistant linos, and management of the crop. The varieties 
adapted to the more northern sections appear to go into dormancy in 
better physiological! condition to withstand winter injury than those that 
continue vigorous vegetative growth until late autumu. Hardening and 
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‘Transections of alfalfa roots showing the tissues damaged by low wiiiter tempera- 
tures. (Courtesy of F. R, Jones.) 
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freezing tests on young plants under artijficial conditions is not always a 
reliable means of measuring varietal response to this complex as it func- 
tions in the field. Selection of surviving plant lines growing under field 
conditions, as suggested by Jones (1945), and combining those lines in 
synthetic varieties is the most reliable method of control. Crop manage- 
ment designed to ensure adequate storage of reserves in the crown and 
root is essential to winter survival and recovery in the spring. Continu- 
ous pasturing and frequent cutting especially late into the autumn de- 
pletes the reserves essential to plant development and winter survival. 
The importance of growth and decay of transient or noncambial roots in 
these crops has been suggested by Jones (1943). 

2. Yellowing, Leaf Discoloration, and Dwarfing. Nonparasitic.— 
Several types of yellowing and other discoloration of foliage and shortened 
stem growth are common in alfalfa and sweetclover. Frequently, the 
symptoms and plant response are similar for a number of unfavorable 
environmental conditions. These causal complexes cannot be determined 
without careful study of past and present environmental conditions. De- 
ficiency of mineral nutrients is cumulative in effect, and frequently pro- 
duction is reduced materially before symptoms are expressed fully. 

Boron deficiency in the soils of many agricultural areas results in dwarf- 
ed plants and yellow to bronze foliage, especially in alfalfa. Bauer et al. 
(1941), Colwell and Lincoln (1942), McLarty et al. (1937), Piland and 
Ireland (1941), and others have reviewed the symptoms and effects of 
boron deficiency in alfalfa. The symptoms are short terminal inter- 
nodes, death of terminal buds, and yellow or red foliage. These symp- 
toms difl‘er from the marginal yellowing and wdiite spotting of the leaflets 
due to potash and phosphate deficiencies and are somewhat less distinctly 
differentiated from leaf-hopper injury. White spots on the leaflets are 
characteristic of some plants at certain stages of growth, as shown by 
Jones (1945). 

Heavy potato leaf-hopper infestation causes yellowing and dwarfing 
of plants. The leaflets yellow and frequently brown along the margins. 
Internodal elongation, plant vigor, crown bud development, and transient 
root survival are direct or indirect effects of the injury. The terminal 
buds and flower primordia appear grayish green and greatly retarded in 
development, or they dry out and fail to develop. The primary tissues of 
the stem vshow punctures and necrotic spots (Smith and Poos, 1931); 
however, the secondary growth from the cambium gives better evidence 
on the type of injury (Jones, 1945). The necrosis of cambium cells 
around the punctures and excess phloem production in adjacent portions 
of the cambium result in irregular thickening of the stunted stems. The 
presence of the leaf hoppers is further evidence of the cause (Granovsky, 
1928, Hollowell et al, 1927, Johnson, 1934, 1936, 1938, Jones, 1945). 
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Yellowing and stunting of the plants occurs as a response to other un- 
favorable environmental conditions, such as heat and drought. The 
abnormal appearance of the plants is localized or g<ai(a‘al in the field or 
area. The floral buds are retarded and under sev<*re conditions yellow 
and dry out (Jones, 1937). 

3. Alfalfa Mosaic, Witches’ Broom, and Dwarf, Viruses Transmitted 
by Aphids and Leaf Hoppers. — Several mosaics occur on alfalfa and sweet- 
clover. These plants and the clovers apparently harbor a large number 
of viruses occurring on annual legumes and other crop plants. The virus 
complex on these plants needs further investigation, es|“)ecially as the 
perennial species of this group not only function as sourca^s of virus infec- 
tion, but also as winter habitat for the aphid vectors. The viruses occur- 
ring on alfalfa and sweetclover are numerous, and many of them are studied 
inadequately (Black and Price, 1940, Holmes, 1039, Pi<‘r(‘e, lOJI, Price, 
1940, Snyder and Rich, 1942, Zaumeyer, 1938, Zaurneyer and Wade, 
1935). Weiss^ summarizes the viruses described, primarily on the 
leguminous crops. 

Alfalfa Alosaic, Virus Transmitted Mechanically and by Maewsiphum 
pisi (Kltb.). — This inosaic is distributed widely in North Amei*ica, al- 
though it is more common west of the Rocky Moimtaiiis and possibly 
occurs in Europe and Asia. The virus or strains occur on a wide range of 
crop plants, and it is important naturally on especially bean, pea, potato, 
celery, and paprika pepper. 

The first symptoms on alfalfa are small greenish-yellow spots followed 
by more extensive and diffuse chlorosis. The leaflets Ijocome crinkled, 
irregular in shape, brittle, and there is no necrosis of tissues (Weimer, 
1934). The symptoms are masked by high temperatures. 

The virus and strains are transmitted mechanically to a wide range of 
plants in 27 families in addition to the Legurninosae. The pea aphid, 
Maci'osipkiim pid (Kith.) is the common vector in natur<‘. The virus 
persists in the crown tissues of infected plants, I.aufer and Ross (1940) 
and Ross (1941) have studied the virus protein. 

Several other legume virmses occur on the alfalfa, and in some in- 
stances this perennial crop may function in carrying the virus(.‘s through 
the winter. 

Witches’ hroom^ Virus Transmitted by Grafting and Possi!,)ly Scaphy- 
topius acuius (Say,). — Witches’ broom of alfalfa occurs in the North- 
western and Intermountain areas of the United States and in x-lustralia. 
The disease is serious in local areas in these locations. The disease is 
manifest by the production of numerous fine stems, shorter than on the 
healthy plants. The leaflets exhibit marginal chlorosis and. crinkling, 
and the flower buds develop poorly. Infected plants show the disease 

^ U, S, DepL Agr. Plant Disease Reporter ^ Swp, 154, 1945, 
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each seasoHj although they are relatively short-lived. A similar disease 
possibly occurs on the clovers, according to Menzies (1946). The disease 
is transmitted by, grafting (Edwards, 1936). The leaf hopper Scaphy- 
topius acutus (Say.) is a possible vector (Menzies, 1946). Varieties react 
differently to the disease. 

Alfalfa Dwarf, Virus Transmitted by Amblycephalinae Leaf Hoppers.— 
Alfalfa dwarf occurs in the Southwestern United States and possibly in 
New South Wales. The disease is severe in limited areas, especially 
where the virus disease, Pierce’s disease of grapes, is prevalent. The 
plants are dark green, dwarfed, and gradually decline in vigor until they 
die after several seasons. The roots show the deposition of brown gum- 
like material in the xylem bundles (Weimer, 1936, 1937). The disease is 
prevalent under high moisture conditions and where alfalfa and vineyards 
are in close proximity. 

The alfalfa dwarf virus is transmitted by grafting. According to 
Hewitt et aL (1946), the virus is transmitted from alfalfa to alfalfa, alfalfa 
to grape, and vice versa, by several species of leaf hoppers: (Draemlace” 
phala minerva Ball, Carneocephala fidgida Nott., C. trigidtata Nott., 
Helocham della Oman, Neokolla circellata (Baker), A. confl.uens (Uhl), 
A. gothica (Sign.), and A. hieroglyphica (Say.). Viruliferous leaf hop- 
pers are common in the areas where the disease occurs. 

4. Sweetciover Mosaic, Ring Spot, and Streak, Viruses.— Mosaic on 
sweetclover apparently may be caused by anyone of the following viruses: 
alfalfa mosaic, bean jmllow mosaic, pea common mosaic, pea mottle, pea 
streak, pea wilt, and red clover vein mosaic. The symptoms produced 
by these various viruses are not differentiated on sweetclover. Leaf 
mottling, chlorosis, and other mild type symptoms usually develop. 

Tobacco ring spot virus produces light-yellow irregular spots and mot- 
tling of the leaflets in nature. A strain of the virus produces veinal chlor- 
osis, pronounced puckering of the leaflets and dwarfing. 

Tobacco streak apparently may be harbored on the common white sweet- 
clover on which it produces general chlorosis and chlorotic ring and line 
patierns. 

5. Bacterial Wilt, Corynehacterium insidiomm (McCuIL) H. L. Jens.— 
The bacterial wilt of alfalfa is distributed widely in North America, and 
it is apparently less common in South America, Europe, and x4sia. The 
disease is probabh- the most important malady of the crop in the United 
States. During the ]xast 20 years it has spread over most of the important 
alfalfa-producing areas of the country. Alfalfa plants are killed so rapid- 
ly that fields are uniirofitable after 3 or 4 years. 

Symptoms. — The plants are reduced in vigor, the leaves yellow and 
bleach, and the plants die in the late summer. The leaflets on infected 
plants are smaller and thicker prior to the loss of the green color. The 
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stems are smaller and more numerous in the earlier stages of disease 
development. The tap root shows a pale-brown diseohmation of the out^ 
woody tissue. This is evident when the outer l)ark is peeled off or when 
the stem is sectioned (Fig. 77). The bacteria an; present in the xylem 
bundles of the new growth and spread tangentially into the parenchym- 
atous tissue and adjacent bundles, resulting in distribution around the 


J<IG. //.—(A) Altalfa plant, lower center, showins the .syniptnmB of wilt caused hy Conne- 
baclenttm tnsidwsurn. («) Sectmna throush the root showing the brown discoloration 0/ (he 
outer woody tissues. {Courtesy of F. R. Jones.) 

circumference of the root. The initially invaded areas are associated with 
wounds in the phloem rays caused especially by winter injury. The 
wilted plants occur first in the lower portions of the fields, either' as scat- 
tered plants or more frequently in groups of plants. 

The Bacterium . — Corynebacleriwn imidioHum. (IMcCuIl.) H. L. Jens. 

[Phylomonas innidioHa (MeCull.) Bergey et al] 

{ Aplanobacter imidiosum McCull) 

The colonies are pale yellow and consist of short rods with rounded ends without 
nageila. 
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Etiology. — ^The infection of the plants occurs during the spring and 
early summer. The bacteria in the older diseased plants are released 
by the breakdown of the infected tissues, and they are distributed in the 
soil water. Entrance into the plants occurs commonly through rifts in 
the root tissues caused by winter injury during the previous winter (Jones, 
1928, Jones and Weimer, 1928). The rapid spi'ead of the bacteria in the 
root tissues occurs in the xylem tissue formed during the spring and early 
summer. The tissues later in the summer are resistant to invasion. The 
infected plants usually die during the later summer of the second year. 

Control— The control of the disease is dilRcult, as indicated by the 
general spread in the alfalfa-producing areas. Proper management of the 
crop to prevent injury of the root tissues helps reduce the spread of the 
disease. Resistant varieties offer the only satisfactory means of con- 
trolling the disease. Resistance to bacterial wilt must be associated with 
resistance to winter injury to secure long life in plants in wilt-infested 
areas (Jones, 1945). Some lines or composite varieties are resistant to 
winter injury and capable of survival over long periods. (Brink et al., 
1934, Jones, 1934, 1940, Peltier, 1933, Peltier and Schroeder, 1932, Peltier 
and T 3 ^sdal, 1934). The Turkestan types and varieties contain more 
wilt tolerance than the common alfalfa. 

6. Bacterial Stem Blight, Pseudomonas medicaginis Sackett. — The 
disease occurs locally in the Western part of North America, on alfalfa 
principally. The disease is of minor importance. The lesions occur on 
the stems and foliage of the younger plants and extend into the crown 
and roots in some older plants. The dark to light-brown spots are linear, 
with droplets or scales of bacterial exudate. The lesions commonly occur 
on the stems in association with frost cracks. 

The Bacterium. — Pseudomonas medicaginis Sackett 

[Phytomonas 7nedicaginis (Sackett) Bergey et al] 
[Bacterium medicaginis (Sackett) E. F. Sm.] 

Light-yellow colonies of short rods that are motile by means of 1 to 4 polar flagella 
develop on media. 

The disease occurs in the early spring, especially when low temperatures 
cause injury or cracking of the young stem epidermis, and therefore, it is 
common only in the spring growth. Varieties react differently to the 
spread of the disease in the stem tissues (Richards, 1934, 1936-1937, 
'Sackett, 1910). : 

7. Grown Wart, Urophlyctis alfalfas (Lage.) Magn.— The crown wart 
on alfalfa occurs in the warmer areas of North and South America and 
Europe. The similar disease on white clover, common in Europe, occurs 
in the Gulf area of the United States. The disease is confined to local 
wet areas where some damage occurs. 
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The galls are swollen and modified stem bud primordia (Fig. 78). The 
primordial scalevS, leaves, and stipules in the infected buds thi(3ken to form 
the scale-like galls around the central axis of the undeveloped stem. The 
galls are usually near the soil surface. Small leaf galls are formed 
occasionally. The galls are white when young, and gray to brown as 
they decay and dry out in mid-summer. The swollen cells of the gall 
tissue contain the resting spores of the fungus in various stages of devel- 


Fig. 78.— Crown wart of alfalfa caused by Urophlydis alfalfae, (Courte&y of F, B. Jones,) 

The Fungus. — Urophlydis alfalfae (Lage.) Magn. 

(Cladochytrium alfalfae Lage.) 

(Oedomyces alfalfae Lage.) 

The branched haustorial proeesvscs form in a well-dtLmed zone near the apex of the 
vegetative cell and the resting spore. The resting spores arii initiated from the apex 
of the vegetative cell by the enlargement of the axial haustorial (dement. Tlu^ mature 
resting spores are thic*k-walled, light brown to goldcm y(vliow, with the zone of sears 
of the haustorial elements where the wall is thinner (Jones rmd Drechsler, 1920 Wilson 
1920). 

Urophlydis trifolii (Pass.) Magn., similar to the above species in mor- 
phology, occurs in Europe and Asia and is reported on white clover in the 
South Central United States. Olpidium trifolii (Pass.) Sehroet., causing 
leaf curl on white clover and possibly the same as [/. irifoUL occurs in 
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the United States as well as in Europe, U. trifoln is listed as synony- 
mous with 0. iri/oKf by Chilton et ah (1943), but distinguished morpho- 
logically by Atkinson (1940). 

8. Pythium Damping-off and Root Rot, Pythium debaryamm Hesse 
and Other Species.— The Pythium spp. associated with the legumes occur 
throughout the world, especially in the finer texture acid soils (Buchholtz;, 
1942). The seed-rotting preemergence blighting and post-emergence 
daniping-off reduce the stands in the small seeded legumes, especially al- 
falfa and sweetclover. The disease is primarily associated with the seed- 
lings, although rootlet rot and stem rot occur in established plants, es- 
pecially in wet locations. The soft rot of the tissues and presence of the 
sporangia and oospores in the freshly rotted tissues are the most certain 
symptoms. Several species oi Pythium are associated with the disease 
on the small seeded legumes. These species also occur on a wide range 
of cultivated and wild plants. 

Middleton (1943) described this group of morphologically similar 
species, with somewhat spherical nonproliferous sporangia. They differ 
primarily in the number and origin of the antheridia attached to the 
oogonia. Pythhirn deharyanmn Hesse is distinguished by the terminal 
or intercalary sporangia and oogonia and by one to six monoclinous and 
declinous antheridia attached to each oogonium. The sporangia ger- 
minate by either zoospores or germ tubes. P. uUvrmvm Trow has chiefly 
terminal sporangia and oogonia and usually one monoclinous antheridium 
attached to each oogonium. The sporangia germinate by germ, tubes 
only. P. splendems Braun, P. vexans DBy., and several others of this 
group occnir on these crops. 

The etiology of the group is similar. The seed and seedling attack 
from the soil-borne mycelium is associated with the maturity and general 
condition of the seed and the soil environment in wdiich tlm seed ger- 
minates. Fully matiir(Hi seed, well-prepared seed bed, a l>alance<l fer- 
tility, including liming of acid soils, and seed treatment under some con- 
ditions (Allison and Torrie, 1945) are the best control measures. 

9. Phytophthora Root Rot of Sv/eetclover, Phytophfhora Spp.— A soft 
rot of the root and crown of sweetclover plants occurs in the spring in the 
North Ckmtral Unit(‘d States. The tops bleach and wither due to the 
spongy soft rot of the root and lower portion of the crown. The (!is(‘tise 
is of minor importan(*e. Phytophthora cadorum (L(‘l). and Cohn) Sehroet. 
is associated with the disease. Resistant strains of sw{.Hddov(‘r are the 
best means of control where the disease becomes severe (Jones, 1939). 
P. megmperma Drechs. occurs on sweetclover but is less pathogenic 
(Cormack, 1940). 

10. Downy Mildew, Pei^onospora trifoUorim DBy. — The downy mildew 
is distributed widely on alfalfa in the temperate zones of the world. In 




Fig. 79. — Downy mildew of alfalfa caused by Peranospora tnfoliorum showing (A) mal- 
formation, chlorosis, and necrosis of tissues of a systernically infected plant and {B) dcnvny 
mass on the leaflets. 


rarely on sweetclover and not on the clovers in the United States, although 
the downy mildew is severe on clover in some sections of Europe. The 
characteristic symptoms are the light-green leaves especially at the apex 
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of the stem and the grayish-white mycelium on the surface of the leaves. 
Internodal elongation is reduced, the stems are smaller, and the leaflets 
are twisted and rolled in severe infections. The conidiophores and violet 
conidia are conspicuous on the undersurface of the leaflets. Where the 
infection is systemic, the stems are swollen and the foliage chlorotic, with 
coni dial production abundant just prior to the collapse of the leaf tissue 
(Fig. 79). Oospores are formed in the leaf tissue. 

The Fungus. — Peronospora trifoliorum DBy. 

The extensive synonymy is given by Chilton et at (1943). 

The mycelium is abundant in the leaf and stem tissues, and the grayish surface 
mycelium is extensive under humid conditions. The conidiophores are slender, dicho- 
tomously branched at acute angles, with the secondary branches curving downward 
in the older conidiophores. The conidia are globose to broadly elliptical, violet colored, 
measure 15”-20 by 18-36 microns, and germinate by the formation of germ tubes. 
The oospores are globose, smooth-walled, light brown, and 24 to 30 microns in diameter. 

Etiology — The oospores in the dead tissues and the perennial mycelium 
in the crown buds enable the parasite to persist when once established. 
The mycelium is probably carried on the seed in some areas. Secondary 
spread occurs from the conidia whenever environmental conditions are 
favorable. Clonal lines of alfalfa show differences in susceptibility. 
Some varieties are damaged more than others. Specialization apparently 
occurs on the clovers and alfalfa. 

IL Spring Black Stem, Ascochyta imperfecta Pk., Mycosphaerella leth- 
alis Stone, and Phoma trifolii E. M. Johnson and Valleau. — This complex 
of similar diseases on alfalfa, sweetclover, and the clovers is common in 
North America and Europe. The disease on alfalfa causes appreciably 
more damage than the others. Disease development is severe during 
the cold wet conditions of early spring, and in cold seasons damage ex- 
tends into the early summer. The infections spread extensively late in 
the autumn, but stem blackening is less pronounced, although pycnidial 
development is abundant. 

Symptoms.— On alfalfa and sweetclover the disease appears as dark- 
brown to black lesions on the stems and petioles. When the disease is 
severe, young shoots are blackened and killed and sterns are girdled by 
the lesions. The brown spots on the leaves are small, irregular in shape, 
and coalesce to form the blackened areas (Fig. 80). The infected leaves 
turn yellow and wither before they drop. The brown spots appear on the 
pods under cool growing conditions. Pycnidia are not common on the 
lesioned stems during the growing season. Pycnidia are numerous, how- 
ever, on the old stems produced in the previous autumn and interspersed 
with the new spring growth of stems. Black stem symptoms occur on 
other legumes, but they are caused by other species of Ascochyta, Al- 
though the fuBgi on alfalfa and sweetclover infect the other crops, each 
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occurs predominantly on the one crop (Cormack, 1945, Johnson and Val- 
lean, 1933V Sprague, 1929, Toovey ^^ aL, 1936). 

The Fungi.— 1 . Ascochyta imperfecta Pk. 

{Phoma medicagims TAoXht . and Roinn 
{DiplodinarneMcaginlsOxiA,) 


Fig. so. — T he spring black stem disease of alfalfa (.4), rod clover (/ij, and sweetclover (C) 
caused by Ascochyta imperfecta, Phoma and Mycosphaerella leihalis respectively; and 

stem cankers of *4. couto/a (C), right, 


The pycnidia are globose, ostiolate, without a beak, and light to dark brown in color. 
The spores are hyaline, oval or cylindrical with rounded ends, straight or slightly 
curved, and uniseptate when mature. Spore septation and si55(j are variable. Xo 
perfect stage is known. This fungus causes the spring black stem on alfalfa. Remsberg 
and Hungerford (1936) wrongly described FUoapora rehmina Staritz as the perfect 
stage of Phoma medicaginu. The fungus is seed-borne as well as persisting on crop 
residue (Cormack, 1945). 
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2. E. M, Johnson and Valleau 

This species differs in morphology from that above by the nonseptate oval spores 
and is the cause of black stem on the clovers. 

3. Mycosphaerella Uthalis Stone 
(Ascochyta lethalis Ell. and Barth.) 

The conidial stage is Ascochyta meliloti (Trel.) J. J. Davis, as described by Jones 
(1944), although, A. meliloti Trusova has priority. The other synonyms are given 
by Chilton et al. (1943). 

The perithecia are submerged, globose with the ostioles elongated into a beak. The 
asci are cylindrical to clavate with an outer and inner wall. The ascospores are hyaline, 
ellipsoidal, two-celled, and slightly constricted at the septum. The pycnidia are 
globose, ostiolate, and brown. The spores are hyaline oblong, slightly curved, one- 
septate when mature, and measure 5-6 by 13-20 microns. This fungus causes spring 
black stem on sweetclover. 

4. Ascochyta caulicola Laub. causes a stem canker and 
hypertrophy of the stems of sweetclover without stem blackening as a 
characteristic symptom. This species is morphologically similar to the 
pycnidial stage of the former fungus (Jones, 1938). 

Etiology. — The development of the disease caused by the several 
parasites is similar. Pycnidia develop abundantly on the stems in late 
autumn and the following early spring. The fungi persist in the crop 
refuse on the surface of the soil. They are seed-borne in areas where the 
environment is favorable for pod infection. The infection and develop- 
ment of the disease is favored by cool, wet weather (Cormack, 1945, 
Jones, 1939, and Peterson and Melchers, 1942). The disease appears the 
second year after seeding and thereafter. Local cortical infection occurs 
through natural openings or injuries. Crown and root infections followed 
by rotting occur in alfalfa. 

The control of the disease is accomplished by crop management and 
adapted resistant varieties. The fungi apparently persist in crop residues 
for only one season; therefore, crop rotation is practical, especially in the 
biennials. Burning the old stems early in the spring before the plants 
start growth reduces the inoculum. Commercial varieties show dMer- 
ences in reaction to the disease, and resistant plants occur in alfalfa 
(Koepper, 1942). Selfed lines of sweetclover are resistant to both spring 
and summer black stem diseases (Jones, 1944), Seed treatment is advis- 
able especially when infected seed is used in areas free from the disease. 

12. Summer Black Stem and Leaf Spot, Cercospora zebrina Pass, and 
Mycosphaerella davisii F. R. Jones. — The summer black stem and leaf 
spot diseases develop on alfalfa, clover, and sweetclover during warm, 
moist weather. This disease complex frequently occurs in association 
with the spring black stem during early summer and again in the early 
autumn. The disease is distributed extensively on alfalfa, clover, sweet- 
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clover, and several wild legumes in Central and Eastern North America 
and in Europe. Damage to white clover pastures is severe during late 
summer in the Southern United States. 

The symptoms vary somewhat on the different legumes. The leaf 
spots range from light*brown linear lesions on red clover to large circular 
ashy-gray to tawny sunken spots on sweetclover. The center of the 
lesions are gray to black when conidial production is abundant. The 
lesions on the stems, petioles, and inflorescences are reddish brown to 
dark brown, depending upon the tissues. The lesions are sunken, and 
necrosis of tissues is extensive. The lesions are conspicuous when the 
plants are in the blossom stage of development. Infected seed i>s shriveled 
and discolored with mycelium on the surface. The fungi are restricted 
closely in the legumes attacked (Hopkins, 1921, Horsfall, 1929, Jones, 
1944, Nagel, 1934). 

The Fungi.— 1. Cercospora zebrinaFm^. 

(Cercospora medicaginis Ellis and FjY.) 

The complete synonymy is given in Chilton etal (1943) in whi(‘b they include C. davisii 
Ell. and Ev. 

The conidiophores are hyaline to brown, nonseptate, and rather long i 35 to 45 microns). 
The conidiaare cylindrical fusoid, hyaline to light yellow, 3- to 6-s{‘ptate, and average 
3 by 50 microns in size. No spermagonial or perithecial stage is known. This species 
occurs on alfalfa and the clovers. 

2. MycosphaereUa damsii F. R. Jones 

The conidial stage is Cercosjmra dkwidi Ell. and Ev., not C. nidi, loti Oud, according 
to Jones (1944), and he retains C. damdi distinct from C, zebrinaon alfalfa and the 
clovers. 

The perithccia are inconspicuous, often few and scatt,(‘red on <iead overwintered 
sweetclover stems. They ilevelop beneath the epidtjrmis tiirough wliich the ostiole 
opens, and they arc spherical and dark colored. Asci are cylindrical 1o ciavate, grouped 
at the base of perithccia, and develop in succession throughout the summer. Ascospores 
are irregularly bis(?riate, hyaline, straight or sliglitly curved along one side, bluntly 
pointed, and measure 4->5 by 12-20 microns. Spermagonia develop at low temperatures 
and are thickly scattered, black, subepidermal, erumpent, oftem approaching an acervulus 
in form, and bear rod-shaped spermatia. Conidiophores are amphigenous, tufted, 
straight or subflexuous, pale brown, continuous or 1- to 2-septate. Conidia are first 
cylindrical, later acicular, hyaline to greenish yellow, 1- to 13-septate, and 2.2 to 4.5 
microns wide at the base by 20 to 140 long. This fungus occurs on tlie several species 
of Melilotm^ or sweetclovers. 

Etiology. — The fungi persist in the old stems of the legumes and 
produce conidia in abundance under warm, moist conditions. They are 
seed-borne in areas where moisture is plentiful during the period of seed 
development. Secondary spread from conidia occurs during wet, warm 
w^eather. 

Control. — Crop management and use of resistant or adapted varieties 
helps reduce the damage, especially on sweetclover. Burning or removal 
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of crop residue aids in reducing the summer inoculum. The disease is 
more severe in second year’s growth that is cut or graajed than in stands 
that make complete growth without retarded development. Resistant 


Fig. Sl.~~Leaf spots on alfalfa (.4) and sweetclover (B) caused by the Stagcmospora stage of 
Leptoaphaeria pratmsis. 


lines of sweetclover suggest the use of resistant varieties (Jones, 1944). 

13 . Leaf Spot and Root Rot, Leptosphaeria pratensis Sacc. and Briard. 
— The disease occurs on alfalfa, sweetclover, and some other legumes, 
and it is distributed widely in humid areas. Albrecht (1942) reported 
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the .clisease' causing severe damage ^luring the spring in white clover 
pastures in the Southeastern United States. 

On alfalfa the disease is primarily a root rot, altijough the leaf spot is 
common. The leaf spot is circular to angular, pale ])uiT with light brown 
niargins, and with numerous pycnidia in the (amtral portion of the lesion 
(Fig. 81). The ashy-gray lesions on the annual stcans are uncommon. 
The brown to black root and crown rot is the common symptom on 
alfalfa. Necrosis and dry rot frequently involves the upper portion of 
the tap root and crown. No new buds form above the lesion, and the 
plant eventually dies. ^ Secondary organisms enter the rotted areas, 
especially under conditions of high moisture, to confuse the symptoms. 
On sweetclover the cireular tan leaf spots are numerous in sf)ring and late 
autumn with brown pycnidia abundant (Fig. 81). The inconspicuous 
stem lesions are prevalent during the growing scaiscjn and spread rapidly 
as the plants mature. In the late autumn the stcans are brown internally 
and golden brown on the surface as the pycnidia of the Phoina stage 
develop. The fungus develops three stages: Btagonospora, largely on 
the leaf spots; Phoma, on the stems in late hdl; and the perf(K*t stage on 
the stems in the late autumn and spring (Joiu^s and Weiiner, 1938). 

The Fungus.— Sacc. and Briard. 

Stagomspora fneliloti (I-Aii^ch.) Pi^ir, Cimuluil siB^ge 
{Phoma meliloH Allesch.) 

The extensive synonomy is given by Chilton et al (1043) aiicl Jones and Weimer 
(1938). 

The perithecia, formed in the old stem.s, are globose, dark brown, and the ostiole is 
usually papillat.e. The ascospores are oblong to fusoi?!, yellow, usually with three 
septa, and 25 to 30 inieron.s long. The Stagonospora pycnidia an* submerged in the 
tissues, with the neck or rostrum extending t,hrougii the e|)idennis. The rostrum 
forms a central canal narrower at the base than at the apex. This funnel-shaped 
rostrum is a distinguishing morphological charactea* and oceui’s also in the deeply 
submerg(Kl Phoma pycnidia. The spores vary greatly in size and tlie presence or 
absence of the septum. 

Etiology, — Both the conidia and ascospores serve as primary inoculum 
for the early spring leaf infection. Secondary spread from conidia occurs 
during warm, wet-weather conditions. The stem and root infections 
apparently are associated With injuries of various types. The influence 
of environment, especially temperature, on the devc‘lo|)ment of the differ- 
ent stages of the fungus is pronounced; the Siago7iospora stage develops 
at summer temperature and the Fhormt stage dxiring low autumn temper- 
atures. The disease is prevalent in the second and folhnving years. 

Control of the disease is largely by crop management. The removal 
or burning of old sterns and crop residue reduces the inoculum for spring 
crown and leaf infection. Differences in suscepti{>ility occur in both 



Fig. 82. — The common leaf spot caused by Pseiidopesiza 7nedicaginU (A) and the yellow 
leaf blotch caused by P. jonesii {Pyrenopeziza medicaginis) (B) on alfalfa. The apothecia of 
the former fungus are shown, slightly magnified, in the insert. 
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alfalfa and sweetclover. The latter crop is relatively more susceptible, 
according to Jones (1941). 

14. Common Leaf Spot, Pseudopeziza medicaginis (Lib.) Sacc. and 
P. mcZ^Yo^LSyd.— This leaf spot is distributed rather generally on alfalfa 
throughout the world. It is probably one of the most common diseases 


on alfalfa and yet of minor importance in most areas, as the infection is 
generally light. Severe infection causes defoliation (Jones, 1919). 

Symptoms. — The circular small brown spots occur on the leaflets. 
The spots are restricted in size, usually do not coalesce, and generally 
do not cause discoloration of the surrounding leaf tissues. The small 
dark-brown to black raised disk (apotheciuni) in the center of the mature 
spot is a distinguishing characteristic (Fig. 82). Small elliptical spots 
occur on the succulent stems but rarely form apothecia. Heavy infections 
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cause defoliation, especially of the lower leaves. On sweetclover the 
spots' are less pronounced. .■ 

The Fungi —1. Pseudopeziza medicaginis {IAlx)ShCQ. 

The apothecjia arise in a stroma beneath the epidermis, solitary or clustered, the 
epidermis is ruptured, and the hyraenia are raised above tin* surfacti of the leaf. The 
peritheci a are imbedded in the apotheeium. KDns(jptat,e paraphys<‘s slightly longer 
than the asci are numerous. Asci are clavate with eight ascosponis arranged in two 
rows. The spores are hyaline, ovate to oblong, witiiout septations, and 8 to 14 
microns long. 

2. Pseudopeziza meliloti Bj<h 

This species is similar in morphology to the previous species and occurs less abundantly 
on Mdilotm alba. Psendopeziza trifolii (Biv.-Bern.) Fckl, occurs sparingly on the 
clovers. The synonymy of the species is given by Chilton et uL (194,3). 

Etiology.— The fungus persists in the leaf tissues until they are decom- 
posed. Apothecia overwinter on the fallen leaflets, and new ones are 
formed on the undecornposed leaves in the spring. Ascosporic inoculum 
is abundant during the entire growing season. The disease develops 
whenever environmental conditions are favorable. 

Varieties differ in their reaction to the disease. Resistant lines of 
alfalfa are reported by Jones et al, (1941). 

15. Yellow Leaf Blotch, Pseudopeziza jonesii Nannf. — The disease 
apparently is distributed less geiKirally than the coniinon leaf spot 
although world wide in occurrence. Although k‘af l>lotch occurs less 
frequently than the spot disease, it causes severe defoliation when present 
in any abundance. Alfalfa is the only legume damaged by the disease. 

Symptoms. — The young lesions appear as yellow blotches elongated 
parallel to the leaf veins. The lesions enlarge, and the <?oIor changes to 
orange yellow, shading to yellow at the margims. Small orange to brown 
pycnidia develop, especially on the upper surface of the !)ioteh (Fig. 82). 
Apothecia are scarce on the undersurface of the blotch until the leaflets 
drop. The stem lesions are elongate yellow blotches whicdi soon turn 
dark brown. The stem lesions are not abundant (Jones, 1918, and 
Nannf eldt, 1932). 

The Fungus. — Pseudopeziza jonesii Nannf. 

{Pyrenopeziza medicaginis Fckl) 

Pseudopeziza jonesii Nannf. is used in the current literature, especially the European, 
although, Pyrenopeziza medicaginis Fckl. is pn^ferred by some pathologists. The 
synonyms are given in Chilton ei al. (1943), 

Apothecia develop on the dead leaf tissue and are partly closed by mycelial strands 
until mature. The asci are borne among numerous nonseptate t>araphyKes- Asci are 
cylindrical to clavate with eight ascospores usually in two rows. The spores are ovoid, 
hyaline, nonseptate, and 8 to 11 microns long. The pycnidia are formcxl subepidermally 
and rupture the epidermis in irregularly lobed cavities. The bottki-slmped conidio- 
phores are closely packed on the interior of the pycnidial cavities. The conidia vary 
greatly, usually they are cylindrical with rounded ends. 
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Etiology. — Ascospores are produced in the late spring from over- 
wintered apothecia. Primary infection occurs from ascospores that are 
produced in decreasing numbers as the growing season advances, and 
they are produced again late in the autumn. The conidia apparently do 
not cause infection. 

Cutting the crop before leaf drop is desirable in both leaf spot diseases. 
The leaves are saved for hay, and perithecial inoculum is reduced. 
Plants in waste areas also supply a source of inoculum. Burning the 
leaves and stubble in the early spring also reduces the spring inoculum. 
Apparently all the alfalfa varieties are moderately susceptible to the 
disease. 

16. Root Rots and Wilt, Fusarium, Cylindrocarpon Spp. and Other 
Fungi. — The root rots included in this complex of diseases are common 
on the perennial and biennial leguminous crops. Apparently they are 
associated in many instances with plants weakened by unfavorable winter 
or summer conditions, such as winter injury of various types and summer 
dormancy due to drought. Usually the plants are attacked before they 
become active vegetatively after winter or summer dormancy (Cormack, 
1934, 1937, Scott, 1926, and Weimer, 1928). The fungi associated with 
the rots vary greatly in areas and seasons. The root rots of this type are 
prevalent more generally in the colder and drier climates. The wilt 
type of disease occurs more generally in the warmer climates. Damage, 
especially to older stands of the perennial crops, is severe when eviron- 
mental conditions and other diseases are weakening the plants. 

Symptoms. — These root rots are conspicuous in the early spring. The 
mycelium is found around the roots and crowns and in ruptured and 
injured tissues. The lesions vary from irregular brown rotted areas to 
the complete disintegration of the root and lower crown. Such rots 
progress slowly in their development, with final weakening and death 
of the plants during the spring and summer. 

The wilt of alfalfa caused hj Fusarium oxysporum f, medicaginis 
(Weimer) Snyder and Hansen shows relatively little cortical rot during 
the early stages of disease development. The stems yellow, wilt, and 
dry out; the symptoms vary considerably depending upon environment. 
The vascular system shows the characteristic browning due to fungus 
invasion and root-tissue response. 

The Fungi. — Fusarium avenaceum (Fr.) Sacc., 'FMrthTosporoides^liexh., 
F. culmorum (W. F. Sm.) Sacc., F, poae (Pk.) Wr. F. scirpi var. 
acuminatum (Ell. and Ev.) Wr., Cylindrocarpon ehrenbergi Wr.^ C, ohtusis- 
porum (Cke. and Hark.) Wr., Plenodomus meliloti Mark.-Let., and other 
species are reported associated with the root rot. F. oxysporum f. 
medicaginis (Weimer) Snyder and Hansen causes a wilt disease of alfalfa. 
The morphology of the wilt fungus is given in Chap. XVI. 
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17; Rhizoctonia Root Rots —Two types of root rots caused by species 
oi Ehizocionia ocmi on the legumes. (1) The violet root rot caused by 
RMzoctonia violacea Tul. or Heltcobasidiim piirpureum; (Till.) Pat. 
(R. crocorum Fr.) is common in many European' areas (Sampson and 
Western, 1941), and it occurs rarely in North America.: The rotted^ areas 
are brown with mats of mycelium attached in the early stages. Later 
the roots are rotted and shredded with a brown to dark- violet discolor- 
ation. The rotted portion extends from the crown to as far as 6 inches 
below the soil line. The disease is associated with low areas subject to 
flooding and frequently follows root injuries. (2) Smith (1943) described 
a root cankering due to R. solani Kuehn in limited areas in the South- 
w^estern United States. The dark sunken areas occur on the tap root 
and branches. The root is not rotted completely as in the former disease. 
This fungus is active on alfalfa during the high sinnmc^r temperatures and 
relatively inactive in the cooler periods. Strains of the? same species 
cause a seedling cortical rot and root rot of older sweetedover plants in 
the more northern areas. 

Cormack (1941) reported damage to legumes in early spring by a 
Basidiomycete that killed the plants in a relatively short period. The 
disease apparently is northern in distribution in North America. 

The Sclerotium rots occur on alfalfa hut are more eonnnon on the 
clovers. Sanford and Cormack (1933) reported indications of resistance 
in alfalfa. Alfalfa stands are daraagcnl by Phymaiotrichum omnimrum 
(Shear) Dugg. in the Southwestern United States (see Chap. XV). 

18. Rust, Urorny(^B striatus medicagirm (Pass.) Arth.— The rust is 
general on alfalfa in North America and Europe, and it is probaldy world 
wide in the humid temperate zones. The uredia and teiia occur on 
alfalfa. In Europe the aecial stage occurs sparingly on Euphorbia 
cyparissias L. The reddish-brown uredia and teiia develop on the 
leaves late in the season. The teiia form in the same lesions and in 
independent sori. 

The Fungus. — Uromyces striaius medicaginis (PaSvS.) Arth. or 
U, striatus BoihToei. 

The synonyms are given in Chilton et al. (1943). 

The aecia are scattered somewhat elevatcri, and tlie infected Euphorbia plants are 
dwarfed. Peridia arc white with irregular edges; spores are orange c?olared and finely 
verrucose. The uredia on the alfalfa are small, round, and mostly on the leaves. The 
urediospores are globose to elliptical and light brown. The teiia, fornK*d later in the 
uredia and independently, are naked, round to oblong, and dark brown. The teliospores 
are ovate to pyriform and dark brown in color. 

In I^rope the rust is heteroecious, with the aecial stage forming a 
perennial mycelium in the Euphorbia sp. In North America the rust 
persists in leaf tissue in the milder climates and apparently spreads 
northward during the summer. Koepper (1942) reported Medicago 
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Trantr., with eight chromosome pairs, immune to rust; Af. 
falcata L. variable in reaction; and varieties of M. sativa L, Ts^ngiiig from 
susceptible to resistant. The variety Ladak is the most resistant com- 
mercial variety. The Turkestan types in general are suceptible. 
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CHAPTER XIV 
CLOVER DISEASES 


Varieties of four species of TrifoUum constitute the rhajor crops of the 
true clovers, although others are important in local areas. Red, Trifolium 
pratense L., crimson, T. incarnatum L., alsike, T, hyhridum L., and white 
clover including Ladino, T, repens L., are the important species, widely 
used. There are some 250 described species for the genus. These 
apparently constitute two polyploid series with basic chromosome numbers 
of 7 and 8 pairs. T. pratense is a diploid with 7 chromosome pairs; T. 
incarnatum and T, hybridum are diploids with probably 8 pairs, although 
7 pairs are reported for the former species by some investigators; and 
T. repens is a tetraploid with 16 chromosome pairs (Pieters and Hollowell, 
1937, and Wipf, 1939). 

The cultivated clovers are cross pollinated and highly variable. Local 
varieties vary greatly in winter hardiness, type of growth, certain mor- 
phological characters, and reaction to disease. The plants are self-sterile 
in the main, and lines are stabilized by sib-pollination and selection. 
Glonal propagation is useful in comparison of larger populations, espe- 
cially in disease-reaction studies. Perennial and biennial types are used 
chiefly in the cultivated varieties. The North American pubescent types 
of red clover are better adapted to resist damage of insects than are the 
European types, which have glabrous stems. Many of the diseases are 
common to more than one species of the genus. 

1. Cold and Winter Injury.— Varieties of the true clovers vary greatly 
in their resistance to cold and winter injury. Many of the winter hardy 
varieties are the result of survival of the hardy plants during the process 
of adaptation. The types of injury and relation of these injuries to 
invasion of the crown and root tissues especially by fungi are similar to 
those described for alfalfa (Chap. XIII). 

2. Yellows, Leaf Discoloration, and Dwarfing. — The reaction of the 
clovers to deficiencies of the essential mineral elements is somewhat 
similar to alfalfa, although as a group these crops apparently are more 
tolerant than alfalfa. Leaf hopper injury in the smooth-stemmed red 
clovers is severe and prevents their economical production in areas where 
leaf hopper infestations are common. The symptoms are yellowing and 
graying of foliage, reduced internodal elongation, and blighted flower 
hcmds somewhat similar to the gross symptoms in alfalfa. 
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; 3 ,.. M Viruses. Transmitted' by Aphids a'nd Leaf Hoppers —The 
virus diseases of the clovers transmitted especdally by the pea aphid 
represent a complex of viruses occurring on legumes and other crop 
plants. As in alfalfa, the clover virus diseases are perhaps of greater 
importance on some of the annual leguminous crops than on the clovers 
themselves. As discussed by Johnson (1933), Johnson (1942), Osborn 
(1937), and others, two types of symptoms occur on the clovers: (1) the 
leaf mottling to chlorosis, with or without dwarfing of the plants, and (2) 
the vein yellowing without appreciable dwarfing of the stems. The 
literature pertaining to the viruses on clovers has been suinmarizc^d by 
Weiss.^ At least three virus diseases are definied as clover mosaics: red 
clover vein mosaic, alsike clover mosaic, and subterranean clov(u* mosaic. 

Red Clover Vein Mosaic^ Virus Transmitted }>y M acromphum pisi 
(Kltb.).' — The malady is common on a wide rang<^ of h^gunu^s both peren- 
nial and annual through temperate North America and probably Europe. 
This virus may be identical with pea streak virus 1. The symptoms on 
clover are yellow irregular to regular patterned dis< toleration along the 
veins of the leaflets of new growth without mottling and with little 
reduction in plant size or vigor. The symptoms are similar on the other 
clovers except Trifolium incarnaium in which the plants are stunted and 
killed (Osborn, 1937). 

The virus is transmitted by expressed juice and the pea a|>hid Macrosi-^ 
phum pisi (Kith). Other viruses occur naturally on the red clover, some 
of which are undetermined. Red clover is a natural ov(^r wintering 
harbor for the potato yellow dwarf virus as wcJl as a food plant of the 
vector; the clover leaf hopper, AceraiagalUa sanguinolenta (Prov.). 

Alsike Clover Mosaic^ Virus. — The mosaic is distributc^d widely in the 
United States and Canada, although it is of relatively minor importance 
on this clover. The alsike clover apparently harbors mosaics of the 
annual legumes, notably the common pea mosaic (Murphey and Pierce, 
1937). 

The virus and strains, to date transmitted only by extracted juice, 
produce stippled interveinal chlorosis with irregular patterns of light 
and green. The leaflets are smaller but not misshapen. Several viruses 
occur naturally on white clover (Johnson, 1942, and Zaumeyer and Wade, 
1935, 1936), notably those causing pea mottle and pea wilt, which in 
combination cause a severe mosaic in white clover. 

Subterranean Clover Mosaic^ Virus Transmitted by Aphids. — This 
disease is described from Australia where it causes systemic mottling, 
distortion of the leaflets, dwarfing of the plants, and a reduction in seed 

^ U, S, Dept. Agr. Plant Disease Reporter ^ Supplement 154, 1945. 
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set, according to Aitken and Grieve (1943). It apparently is transmitted 
by aphids, and probably it is seed-borne. 

4. Bacterial Blight, Pseudomonas syringae v. ’KdXiy [Phytomonas iri- 
foliora (Jj. R. Jones et aL) Burk.].— The disease occurs sparingly in various 
parts of North America and Europe and is of little economic importance. 
The angular leaf spots occur on the leaves, stipules, petioles, and stems 
of red clover (Jones et al., 1932). The spots are dark brown with exudate 
on limited portions of the lesions. Infections occur during cool, wet 
conditions at any time during the growing season. 

5. Powdery Mildew, Erysiphe polygoni DC. — Powdery mildew is dis- 
tributed widely on red clover in the temperate zones of the world. 
Prior to 1921, the disease was uncommon in the Central and Eastern 
United States; yet within approximately 3 years after this date, the 
malady was prevalent throughout all North America. Heavy epidemics 
cause some reduction in yield and quality of the forage and hay (Horsfall, 
1930 and Yarwood, 1934). 

The light-gray superficial powdery growth of mycelium and conidia 
is conspicuous on the leaves. Leaves yellow and turn brown when the 
infection is severe. The mycelium develops on the surface of the epider- 
mal cells of the leaves with haustoria within the cells. 

The Fungus —Erysiphe polygoniDC, 

Salmon (1900) listed the extensive synonymy for this fungus. Peterson (1938) 
described the perithecia of Erysiphe polygmi and Microspkaera alni (DC.) Wint. on 
Trifolium pratense in the Eastern United States. 

Perithecia are formed commonly in Western North America and northern Europe 
and uncommonly in Central and Eastern North America. Perithecia are scattered 
with variable simple appendages. The asci are usually ovate with four or eight spores. 
The ascospores are hyaline, oblong with rounded ends, and are one-celled. The 
ovate hyaline to gray conidia are borne in chains from an apical generative cell 
of a short simple conidiophore. Production of conidia is on a diurnal cycle (Yard- 
wood, 1936). 

Etiology.— The obligate parasite persists on the foliage in the moderate 
climates and apparently spreads rapidly during late summer and autumn. 
Epiphytotics of the disease are favored by relatively dry summer weather. 
Frequent rains reduce the development and spread of the disease (Yar- 
wood, 1936). The source of inoculum in areas where epiphytotics occur 
is largely from conidia. 

(Control of the disease is chiefly by the use of resistant varieties. 
Jones et aL (1941) and Smith (1938) describe the range of resistance and 
reaction of resistant varieties. Resistant plants are found in most 
varieties. The European red clover varieties are generally more resistant 
than the American (Horsfall, 1930 and Mains, 1923, 1928). 

Specialization of the parasite occurs on the clover species and probably 
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within the species, according to Hammarlund (1925), Neger (1902, 1923), 
Salmon (1900, 1903), and Yarwood (1936). 

6. Spring Black Stem, E. M. Johnson and Valeau. (See 

Alfalfa.)". 

7. Sooty Blotch, Cymadothea trifoUi (Fr.) Wolf. —The leaf blotch is 
distributed throughout the temperate zones on alsike and white clover 
and less commonly on the red and crimson, according to Horsfall (1930) 
and Elliott and Stansfield (1924). The dark-brown or black angular 


Fig, 83.— Sooty blotch caused by Cymadothea tnfolii on wiute clover. 


blotches, more al)undant on the lower surface, usually cause only minor 
defoliation. On the lower surface of the leaf the slightly elevated spots 
are covered with conidiophores bearing eonidia of the Polythrincium 
stage. Later in the season the blotches appear blai^k and warty due to 
the formation of the spermagonia and the perithecial stroma (Fig. 83). 
The leaves yellow, wither, and brown when the blotches are numerous. 

The Fungus. — Cymadothea trifolii (Fr.) Wolf 

[Dothidella trifolii (Fr.) Bayl.-Elliott and Btansf.] 
(Polythrindum trifolii Schm. and Kunze) 

(Sphaeria trifolii Pers.) 

[Placosphaeria trifolii (Pers.) Fcke.] 

[Plowrightia trifoUi (Pers.) Kill] 
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The conidial stage develops during the spring and early summer. Gonidiopliores 
are borne on modified cells of the mycelium that form stromata on the undersurface 
of the leaf. The conidiophores are black, waxy, wavy, simple, and bear conidia followed 
by apical elongation around the attached conidia. Conidia are pale olivaceous, oboy ate, 
1-septate, and slightly constricted at the septum. The spermagonial stage is formed 
during the autumn along with the perithecial bearing stroma. Spermagonia are globose 
to flask-shaped with abundant spermatia extruded in an exudate. Perithecia are 
imbedded in the stroma and are irregular in shape and opening. The asci are clavate 
with usually eight ascospores. Ascospores are oblong to ovate-oblong, hyaline, 1-septate, 
and constricted at the septum. Wolf (1935) reported on the cytology of the ascigerous 
stage and reviewed the literature on the morphology and etiology of the fungus. The 
fungus has not been grown on artificial media. 

Etiology. — Primary infection occurs from conidia and ascospores. 
The ascospores develop in early spring, and they are responsible for the 
early infection. Conidial production is abundant during the summer, 
and it declines in the autumn as spermagonia and stroma develop. The 
disease is prevalent on low wet meadowland. Although red and crimson 
clover are infected in Europe (Killian, 1923), they are generally resistant 
in the United States. 

8. Pseudoplea Leaf Spot, Pseudoplea trifolii (Rostr.) Petr. — ^This leaf 
spot is distributed generally in the humid, temperate climates on the 
clovers and alfalfa. Frequently the disease is severe enough on white 
clover to cause foliage browning. Apparently, this leaf spot occurs only 
on white clover in Britain (Sampson and Western, 1941). 

Symptoms. — Numerous small black sunken spots occur predominantly 
on the leaves, although other young tissues show spots when infections 
are severe. The spots rarely enlarge, although a few larger lesions 
develop on white clover. Later the spots show a reddish-brown margin. 
The inconspicuous perithecia are imbedded in the necrotic tissues of the 
lesions late in the autumn. 

The Fungus. — Pseudoplea trifolii (Ro^iv.) Petr. 

(Rostr.) Kirsch.] 

{Sphaerulina trifolii RoBiTi) 

(Pleosphaerulina briosiana Poll.) 

(Pseudoplea briosiana Yon Kohn) 

(Pseudoplea medicaginis Miles) 

Sampson and Western (1941) suggested Saccothedum trifolii as the preferable 
binomiaL 

The perithecia are flattened to round, imbedded in the tissues, with pronounced 
ostiole opening to the surface. Paraphyses are absent, and asci are few to a perithecium. 
The asci are broadly ovate with a thickened apex and contain eight closely packed 
spores. The ascospores are cylindrical, tapering at the ends, hyaline to light yellow, 
triseptate, and muriform late in their development. 

Etiology. — The perithecia develop in the late autumn or in the follow- 
ing spring. Ascospores are the source of inoculum during the spring and 
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summer. The disease develops during cool, moist weather. 

stage is known (Hopkins, 1923, Horsfall, 1930, Jones, 1916^ and Miller, 

1925), 

9. Sclerotinia Root Rot and Grown Roty Selerotinda irifoUorum Eriks.— 
The disease is distributed extensively, especially in the regions of mild 
winters or heavy snow cover. In the United States, tlie disease is of 
considerable economic importance in the southern clover belt. Damage 
is severe in the early spring when the plants are susceptible to the invasion 
of this and similar fungi, according to Pape (1937), Valleau et aL (1933), 
and others. 

Symptoms and Effects, — The symptoms of the disease vary with sea- 
son, weather conditions, and tissues invaded. Brown leaf spots occur 
in wet periods, especially late autumn. The heavily infected leaflets 
drop off and are overrun by the mass of white mycelium. Infection 
spreads downward into the roots and crown. The spring symptoms are 
largely a soft rot of the crown and roots and less frequently the basal 
portion of the annual stems. The new growth of the infected plants 
wilts, and the dead tissues are overgrown by the white mycelium under 
conditions of high moisture. The sclerotia develop following the myce- 
lium and are numerous in the soil and on the dead tissues. 

The Fungus. — Sclerotinia trifoliorum Eriks. 

The sclerotia are black and vary in size and shape, ranging from smaller than clover 
seed to several times their diameter. Sclerotia germinate forming disk-shaped buff 
to pink apothecia 3 to 8 microns in diameter, borne on slender stalks. The hymenium 
is composed of closely packed eight-spored asci interspersed with slender simple para- 
physes. The ascosporcs are usually arranged in one row in the narrow cylindrical 
ascus. The spores are oblong with rounded ends to elliptical and are one-celled. 
Spherical microcoriidia are formed in dense clusters on the ataiai mycelium under some 
conditions. 

Etiology. — The apothecia emerge from the soil in autumn, and the 
ascospores are discharged with force enough to CKvry thcnn into the 
foliage al)Ove. Leaf and stem mfections result under conditions of high 
moisture, and mycelium also develops on the dead leaves on the soil 
surface. Infection of the crown and root tissues is initiated in the autumn 
and spreads during the winter and early spring in mild climates or under 
heavy snow covering (Eriksson, 1880, Esmarch, 1925, Gussow, 1903, 
Pape, 1937, Wadham, 1925). In the United States clover belt, the 
aggressive development of the fungus occurs in the spring as the plants 
are recovering from winter injury and resuming vegetative activity after 
the winter dormant period (Valleau et aL, 1933, and Wolf and Cromwell, 
1919). The sclerotia develop during the summer and remain viable for 
long periods. In Europe, considerable attention is given to the presence 
of sclerotia in seed lots. Doyer (1934) described the sclerotia of three 
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fungi occurring in clover seed lots: Sclerotinia trifoUorum, Typhula trifoUi 
Rostr,, B^nd Mitrula sderotiorum Rostr. Adapted varieties show some 
resistance' to:. the, ^disease. . a ' ' 

Other sclerotium-forming fungi cause disease in the clovers and other 
legumes. hataticola Taub. is common as a root rot on red 

clover in the South Central United States, according to Henson and 
Valleau (1937). & rolfsii Sacc. causes a root and crown rot in the warmer 
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;Caf spots of red clover caused by Plcospora her}>annn { 
■cinaefonm’ (li) and of alfidfa caused l)y P. herlmrun, (c ) 


areas of the Unit(Hi States. These fungi are^ associated with clover 
survival in jiastures and meadows, especially in the Southern Lmted 
States. Resistant strains of red and white clover arc the best means ot 
control (Albreclit, 1942). The clovers are relatively susceptible^ to the 
root rot caus(Ml [)y Phymatotrichum omnivorum (Shear) Dugg. (Taubem 

haus and Kzc'kiol, 1936). i /oj r. 

10. Stemphylium Leaf Spot, Phospora herharum (Fr.) Rab. {t>te.mphij- 
lium botryosum Wallr.) and S. mrcinaeforme (Cav.) Wiltshire.— i hesc 
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leaf spots are common on the clovers and alfalfa in humid climates 
throughout the world. Some killing of the lower leaves occurs in red 
clover. The latter fungus species apparently is restricted to red clover, 
according to Smith (1940) and Wiltshire (1938). 

Symptoms. — The lesions first are small, irregular dark-brown sunken 
spots; later development results in irregular concentric zonated iight™ 
and dark-brown lesions (Fig. 84). The wrinkled dark-brown to sooty 
leaves in the final stages of leaf blight remain attached to the plant. 
Stem and petiole lesions are restricted sunken brown spots. 

The Fungi. — 1. IHeofipora herbarum {¥x*) lUih, 

{Stemphylium hotryosum Wallr.) 

{Macrosporiimi medicaginis Ciigini) 

The perithccia are globose, in(^mbranous, and bla,ek. Asci are oblong to clavate 
with outer and inner walls. Ascospores are elongate to ovate, characteristiealiy 
7-sept.ate, and inuriform wleni mature. The conidiophorcs ar<^ short, arise singly or 
in groups, are (X'casioiially braneln^d, septate, and swolhui at the apex. The eonidia 
are ovate to elongate, 3- to 4-se}>tate, somewhat constrieted at the septa, muriform, and 
olivaceous, and echinulations to tine warts are numerous over the surface. Specialized 
races of this fungus o<r(*ur on the clovers and alfalfa, according to Smith (1940). 

2. Ste^nphylium sarcinaeforme (Cav.) Wiltshire 
{Macrosporium sarcinaeforme Cav.) 

The conidiophores and eonidia are similar to the former species, except that the 
spores are smooth. This spexies apparently occurs on red clover only. Smith (1940) 
and Wiltshire (1938) reviewed the taxonomy and morpliology of the several species 
on the legumes. 

11. Southern Anthracnose, Colletotrichum trifolii Bain and Essary. — 
This anthracnose occurs in the warmer sections of North America, 
Europe, Kenya, and South Africa on the clovers and alfalfa. The disease 
is frequently severe on red clover in the soutliern clover belt of the United 
States, especially in unadapted susceptible varieties, and it occurs in 
mild form in mid-summer as far north as Canada, according to Monteith 
(1928) and Neal (1924). 

Symptoms and Effects. — The light- to dark-brown lesions on the stems 
and petioles are the characteristic symptoms. The girdling of the stems 
results in the killing and browning of the foliage. The presence of the 
acervuli and numerous dark-brown setae on the mature sunken lesions 
differentiates this malady from the northern anthracnose and other stem 
diseases (Fig.85), 

The Fungus. — Colletotrichum trifolu Bain and Essary 

Acervuli develop in scattered erumpent form and vary considerably in diameter. 
Setae are few to numerous, uniseptate or continuous, dark brown to black, and much 
longer than the eonidia. The conidiophores are cylindrical, varying in length with 
moisture, hyaline, and produce a succession of eonidia apically. Conidia are hyaline 
to pink, straight, rounded at the ends, and, without septations. 
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Etiology— The fungus persists on the stems, crowns, and roots and 
spreads rapidly in warm, humid weather. The lesioning and killing of 
stems occurs largely on the new growth of the second crop. Resistant 


varieties apparently kec^p the disease under control in tlie southern clover 
belt of the Unitcal States, according to Bain and Essary (1906), Monteith 
(1928), Pitders and Alonteith (1926), and Wolf and Kipps (192G). 
Sampson (1928) studied comparatively the fungi causing the southern 
and northern anthraenoses. 


Fig. So. — lied clovor :it tacked by Kabatiella vaulhora: stem lesions and petiole necrosis 
followed by dt^atli and }>rowninj^ of the leaves. I'he symptoms are relatively similar for both 
the northern and s<,mt hern ant iiracnose. 
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Two other species, C olletotrichum destructmim O^ Ga,m and 0. grammi- 
colum (Ces.) G. W. Wils., are reported on clovers. The former species 
occasionally causes some damage. These several species are similar 
morphologically. 

12. Northern Anthracnose, Kabatiella caulwora (Kirch.) Karak.— The 
northern anthracnose is restricted largely to clovers, especially red and 
crimson, in the cooler sections of North America, Europe, and Asia. 
Damage is severe during periods of cool, wet weather, according to 
Sampson (1928). 

Symptoms and Effects. — The brown lesions develop as sunken linear 
areas on the stems and petioles. Necrosis and cra(*king of the stem 
tissues are pronounced. Girdling of the steins and browning of the 
foliage symptoms are similar to the southern anthracnose. The white 
masses of conidiophores and conidia borne in irregular acervuli without 
setae are conspicuous in the deeper stem depressions and cracks (Fig. 85) . 

The Fungus. — Kabatiella caulivora (Kirch.) Karak. 

{Gloeosporium caulivorum Kirch.) 

The acervuli are small, irregular, hyaline, and without setae. The clustei's of short 
cylindrical hyaline conidiophores bear one or more hyaline curved nonseptate conidia. 

The etiology and control of the disease are similar to the former 
anthracnose. The fungus develops at low temperatures and invades 
the tissues during cool, humid conditions. Varieties resistant to the 
southern anthracnose are frequently susceptible to the northern anthrac- 
nose. 

13. Rusts, Uromyces tnfolii (Hedw. f.) L6v. — The clover rusts are 
distributed widely in the humid and semihurnid areas. Usually these 
rusts cause little damage, although susceptible lines are damaged espe- 
cially in the late autumn. 

The varieties of Uromyces irifolii are all autoecious long-cycled rusts. 
The aecia occur as swollen light yellow to orange-yellow S()ri on the stems, 
petioles, and leaves. The aecial stage is more common on the white and 
alsike clovers than on the red clover. The uredia appear as small brown 
pustules on any portion of the green plant. The telia are similar in 
appearance to the uredia and occur in the old uredia or independently. 
The uredia and telia are not associated with hypertrophy of the tissues. 

The Fungi. — 1. Uromyces trifoUi (Hedw. f.) L6v. 

Arthur (1934) combined the morphologically similar species on the clovers and 
indicated their specialization by the use of the trinomials: U. irifolii trifolii-repentis 
(Liro) Arth. on Trifolium iucamatum L. and T, repens U, irifolii hybridi (W. H. Davis) 
Artli. on T, hyhridum L.; and U. irifolii fallens (Desm.) Arth. on T. incarnatujn L., 
T, medium L., and T. praiense L. The synonymy is included by Arthur (1934). 

The pycnia are in groups, chiefly on the leaves. Aecia with cup-shaped peridia are 
in groups on any tissues. The aeciospores are globoid, hyaline, and finely verrucose. 
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Uredia are g:eneraliy on tbe undersurface of the leaves and light brown. tJrediospores 
are globoid or broadly ellipsoid, have a light brown w^all, are thick, echinulate, and 
bavt^ 2 to G pon^s scattered or equatorial. Telia are in the urcMiia or are independent, 
brown, and not covered by the epidermis. Teliospores are ou(‘~cell(*d, globoid or 
broadly ellipsoid, brown, and smooth or have a few s<*atter<al warts and short fragile 
pedicles. 

2. Uroniyces nerviphilus (Grog.) Hotson 
{U, flectens Lagerh.) 

This species is similar in morphology to the former and occurs on the 
veins and petioles of Tri^olmm repens L. and possibly T: hyhr Mum L, 
Freciiiently it is in association with the former speci<^s. The uredial stage 
of this questioriabie species is omitted in the cycle. 

Other diseases occurring on the clovers are discussed in Chap.' XIIL 
The table on page 325 gives a vsurnmary of tlie more important diseases of 
alfalfa, sweetclover, and the clovers and the interrelationship of suscepts 
and parasites. 
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CHAPTER XV 
SOYBEAN DISEASES 


The soybean, Soja max (L.) Piper [Glycine max (L.) Merrill], ranks high 
as an industrial and feed crop in the United States, especially during 
recent years. It is an ancient crop of eastern Asia. While the plant is 
largely self-pollinated, the species is represented by diverse types. Gold 
tolerance, date of maturity, disease reaction, as well as morphological 
characters, vary considerably in the collections introduced and in the 
varieties developed in the United States (Morse and Cartter, 1937). The 
cultivated species as well as the wild species of Asia, G. ussuriensis Regel 
and Maack, have 20 chromosome pairs. 

Compared with other field crops, damage from diseases at present is 
comparatively light. However, the relatively large number of diseases 
occurring on the crop, the recent intensive breeding program in the 
United States, and the extensive acreage devoted to the crop all combine 
to increase losses from diseases unless special attention is given to the 
selection of disease-resistant varieties. 

1, Leaf Spot and Leaf Discoloration, Nonparasitic. — Marginal leaf 
yellowing, firing, and browning are associated with mineral deficiencies, 
especially low potash, and other environmental disturbances (Kornf eld, 
1933). Leaf scald occurs under conditions of high temperature and low 
humidity. 'Aphids and leaf hoppers cause damage when infestations are 
heavy (Gibson, 1922). According to Johnson and Hollo well (1935), the 
glabrous varieties are susceptible to injury by the potato leaf hopper, 
whereas the pubescent types that are grown commercially are relatively 
resistant. 

2. Mosaics, Viruses. — The soybean mosaic is distributed widely on 
the crop and causes soine damage in susceptible varieties. The leaves 
are dwarfed, margins are curled downw’-ard, the surface is puckered with 
dark-green areas betwanm the veins and sometimes chlorotic spotting. 
The petioles and internodes are shortened, especially with early infections. 
The pods are stunted, flattened, and curved. Seed setting is delayed 
and reduced grcaitly. The virus apparently is limited to the soybean. 
It is transmitted in seed from infected plants, by mechanical means, and 
by aphids, Alyzus persicae (Suk.) and M. cofivolvuU (Kltb.) are the 
more common vectors, although six other species are reported as vectors 
(Gardner and Kendrick, 1921, Heinze and Kohler, 1940, Kendrick and 
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Gardner, 1924). Several other legume viruses produce symptoms on the 
soybean as well as the tobacco-ring spot virus that ]>ro(luees bud blight. 

3. Bud Blight, Tobacco Ring-spot Virus.— The (liseusc; apparently is 
increasing in prevalence in the soybean area in the Gentral United States. 
The symptoms vary depending upon the; age of the plant at the time 
infection occurs. Infections prior to the completion of terminal elon- 


gation of the stem result in unilateral elongation of the stem apex, a 
bronzed appearance of the young leaves, and ultimately necrosis and 
brittleness of the apical growing point (Fig. 86). Internal reddish-brown 
discoloration is evident, first in the pith near the nodes, and later spread- 
ing through the stems and accompanied by necrotic areas. The plants 
do not produce seed, and they remain green until fr(jsted. Infections 
with the virus near the flowering period, whicdi is generally more commoii, 
result in withering and dropping of young pod clusters and dark-brown 
blotches on the remaining poorly developed pods (Allington, 1946). 


blight of the soybean caused by the tobacco ring-ypoti virus, 
blighting of stem apex; (/i) pod necrosis and browning. 


(.A) Twisting and 
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The tobacco ring-spot virus is associated with the bud blight of soy- 
bean. The virus is transferred mechanically, and insect transmission is 
indicated by the behavior of the disease in the field. Control measures 
and the reaction of varieties are unknown. 

4. Bacterial Blight, Pseudomonas glycinea {CoerpeT) Btapp (Bacterium 
glycineum Coerper), (B. sojae Wolf). — The bacterial blight is distributed 
widely with the crop. The disease appears on the leaves, stems, and 
pods as light- to dark-brown irregular spots without a marginal halo. 
The lesions become confluent as they enlarge, the necrotic tissues dry 
out, and portions drop out. A limited amount of gray or brown exudate 
accumulates on the surface of the lesion (Coerper, 1919). Wolf (1920, 
1921) retains the two species: PseudomMas sojae Wolf causing the 
southern blight and P. glysinea (Coerper) Stapp, the northern. 

The bacteria are seed-borne and persist in crop residue (Coerper, 1919, 
Kendrick and Gardner, 1921). Lesions on the cotyledons of infected 
seed and crop residue are a probable source of primary infection. Second- 
ary spread occurs under favorable environmental conditions throughout 
the growing season. Defoliation and injury to the pods is minor under 
most conditions. Varieties vary widely in reaction to the disease. 

S» Wild Fire, Pseudomonas tabaci (Wolf and Foster) Stapp {Phytomsnas 
tabacae (Wolf and Foster) Bergey et aZ.], {Bacterium tabacum W oli and 
Poster). — The disease occurs on soybeans as well as on tobacco in most 
^f the intensive producing areas of North America. The lesions on the 
leaves are variable in size, and they are surrounded by a wide yellow halo 
under most environments. The restricted type of spot with indistinct 
halo is usually dark brown in contrast to the light-brown more extensive 
type of lesion. Exudate does not occur on the surface. When beating 
rains are frequent, the lesions spread rapidly and coalesce to involve the 
entire leaflets. Defoliation occurs around the base of the plant under 
such conditions. The infection usually occurs in definite areas rather 
than spread uniformly over the field, and it occurs relatively late in the 
season. The organism persists on crop refuse and in the soil (Allington, 
1945). 

6, Bacterial Pustule, X anthomonas phaseoU Yar, sojense (Hedges) Starr 
and Burk. — The disease is more common in the southern soybc^an area, 
although it occurs in northern sections of the United States. Apparently 
the disease occurs in the Asiatic soybean areas. The lesions are common 
on the leaves as yellow pustular outgrowths on both surfaces. The spots 
later change to reddish brown with marginal 3 mllowing under some con- 
ditions. The bacteria enter the stbmatal cavit\^ where they develop 
between the cells. Cell enlargement occurs without water-soaking of the 
tissues. The slightly elevated pustule, usually without exudate, differ- 
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entiates this disease from the bacterial blights. Small reddish-brown 
spots occur on the pods of susceptible varieties. 

The Bacterium —Xaniftomonas phaseoli var. sojense' (Hedges) Starr 

and Burk. 

[Phytomonas phaseoli YSiT. sojense (Hedges) Burk.] 
{Bacterium phaseoli vslt, sojense Hedges) 
{Pseudomonas glycines "Nak.) 

{Bacterium glycines Elliott) 

{Phytomonas glycines Magd 

The rod-shaped organism with single polar flagellum, capsules, and no spores appears 
yellow in culture (Hedges, 1924). 

The organism persists in crop residues, especially in the southern areas. 
Secondary spread is rapid on susceptible varieties, especially during 
periods of beating rains. Resistant varieties are reported (Lehman and 
Woodside, 1929, Wolf, 1924). 

7. Pythium Root Rot, Pythium debaryanum Hesse. — The light-brown 
soft rot of the roots and basal portions of the young stems is caused by 
the group of Pythium spp. common on legumes. The disease described 
by Lehman and Wolf (1926) is general throughout the soybean areas of 
the world, although relatively less damage occurs on this crop than on 
the small-seeded legumes (Chap. XIII). 

8. Downy Mildew^ Peronospora manshurica (Emm.) Syd.~The dis- 
ease occurs rather generally with the culture of the soybean. Damage iS 
confined to the regions of relatively cooler climates and susceptible 
varieties, where both foliage and beans are infected. 

Symptoms. — ^The lesions on the leaves appear first as large or small 
chlorotic spots on the upper surface of the leaves. The mature lesions 
are grayish to dark brown with the downy mass of gray conidiophores 
and gray to violaceous conidia on the lower surface of the lesions. In 
susceptible varieties, the lesions spread rapidly over the leaf surface, 
causing yellowing and finally browning of the leaf. Odspores are abundant 
in the brown leaf tissue. Pod infections occur at any of the nodes, but 
they are not evident from the exterior. In infected pods, the interior 
of the pod and the seed coat of the beans are incrusted by the grayish 
mass of mycelium and oospores (Fig. 87). These symptoms are similar 
to those described by Snyder (1934) for the downy mildew on the pea, 
Pisum sativum L. 

The Fungus. — Peronospora manshurica (Naum.) Syd. 

(P. trifoliorum var. manshurica Naum.) 

(P. sojae Lehman and Wolf) 

The conidiophores are slender, branched, gray to pale violet, 5 to 9 microns wide 
by 240 to 500 long, and occur in groups froxn the stomata. The conidia are oblong 
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Fig. 87 . — The downy mildew of soybean caused by Peronospora mannhurim: (A) charac- 
teristic leaf lesions on susceptible varieties; (B) contrast between large and^ restricted leaf 
lesions of different varieties. Oospores from infected beans are shown in the insert. 

Etiology. — The o5spores persist in crop residue and on the seed. Tiie 
oospores on infected seed apparently produce both a local and a systemic 
infection in the young seedlings. Probably infection occurs in the 
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hypoGotyl from the oospores on the seed coat or in the crop residue. The 
mycelium develops through the hypocotyl into the first several trifoliate 
leaves and into some nodal buds (Jones and Torrie, 1946). Resistant 
vari(‘ties are the best means , of control. Some of the high-yielding 
yc^llow selections adapted to the soybean belt of the United States are 
Yvry susceptible. Seed treatment is effective in reducing seedling in- 
fection. 

9. Powdery Mildew, Erysiphe polygoni DC. — The powdery mildew 
occurs sparingly on the soybean in the Southern United States and in 
Europe (Lehman, 1931). Apparently this is a specialized variety of 

poEygonf (se 

10. Anthracnose, Glomerella glycines Lehnmn and Wolf .—The disease 
is prevalent in the warmer areas in Asia, Europe and North America. 
In the United States it extends northward into the principal soybean 
belt. The lesions appear as dark-brown cankers on the cotyledons and 
hypocotyls of the seedlings. Seedling blight occurs before or after emerg- 
ence, according to Ling (1940). The stem and pod lesions are indefinite 
brown areas causing premature death of the plants or plant parts. Seed 
infection is evident in some instances by the brown lesions. Numerous 
black setose acervuli develop on the infected parts during wet weather 
(Lehman and Wolf, 1926, Wolf and Lehman, 1926). 

The Fungus. — Glomerella glycines Lehman and Wolf 
{Colletotrichum glycines Hori) 

The perithecia, vsubinerged in the mycelial tufts, are membraneous, globose, rostrate, 
and 220 to 340 microns in diameter. The asci are oblong to bluntly clavate, 9.5 to 
13.5 microns wide by 70 to 106 long, and interspersed with oblong paraphyses. Asco- 
spores are hyaline, unicellular, bluntly pointed, slightly curv<;d, and 4 to 6 microns 
wide by 18 to 28 long. Ascervuii are black with numerous hrowm setae. Conidia arc 
hyaline, unicellular, bluntly tapered, curved, 4 microns wide by 20 to 22 long, and 
remain viable for relatively short periods. 

Etiology, — The mycelium persists for relatively long periods in the 
crop residue and infected beans. Seedling stands are reduced by seed- 
borne mycelium and soil infestation on crop residue in the milder climates. 
Secondary stem and pod infections occur during wet weather. Ascosporic 
inoculum is probably of secondary importance in the areas where the 
disease is of importance, although it is a factor in the more northern 
areas. Apparently many of the commercial varieties are relatively re- 
sistant. Seed treatment with the organic mercury compounds reduces 
the loss in seedling stand. 

11. Pod and Stem Blight, Diaporthe sojae Lehman. — The disease occurs 
in North America, Europe, and Asia. Damage usually occurs late as 
the plants are maturing, although premature killing of the plants and 
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reduced yields of beaus are common in the Central United States. The 
dark-brown lesions with indefinite margins occur on the stems and pods 
and less commonly on the leaves. The infection usually starts at the 
junction of stem and branch and girdles the stem or branch. Pycnidia 
occur, scattered or arranged in rows, in the older dead portions of the 
lesions (Lehman, 1923, Johnson and Koehler, 1943). 

The Fungus. — Diaporthe sojae lje]xmdi,n 

The perithecia, formed in the black mycelial stroma, are spherical with a slender 
tapering beak. Asci are sessile, clavate, hyaline, with eight spores borne in one or 
two rows. The ascospores are hyaline, elongate elliptical, aseptate, and 2 to 4 microns 
wide by 10 to .12 long. The Phoniopsis stage consists of the subglobose osteolate 
pycnidia with short beaks or frequently without beaks. The conidiophores are slender, 
tapering, simple, and hyaline. The conidia are oblong to fusiform, straight, continuous, 
hyaline, and 2 to 3 microns wide by 6 to 7 long. 

The fungus persists in crop residue as mycelium or pycnidia of the 
imperfect stage. The mycelium is seed-borne when conditions are 
favorable for late pod infection. 

12. Fusarium Wilt or Blight, Fusarium oxysporum f. ^acheiphilurn 
(E. F. Sm.) Snyder and Hansen, — The Fusarium wilt of the cowpea and 
soybean occurs in the southern soybean belt of the United States and 
extends into the Western plains area. The roots and base of the stem 
show browning as well as the browning or blackening of the vascular 
bundles. The fungps is a vascular parasite, but true wilting does not 
oc^cur in the woody plants. The leaves yellow and drop, and the pods 
are poorly developed. Apparently specialized strains of the parasite 
occur on the soybean and cowpea (Cromwell, 1919). Resistant varieties 
are the best means of control, as in the cowpea (Johnson and Koehler, 
1943, Orton, 1902). Liu (1940) reported a pod lesioning and seedling 
blighting caused by a fungus resembling {Fusarium tracheiphilum 
E, F. Sm.) F. oxysponmi i. tracheiphilum. Other Fusarium- spp. cause 
seedling blight and root rot. The morphology of the fungus is given in 
Chap. XVI. 

■13. Cercospora Leaf Spot, Cercospora daizu Miura. — The frog eye 
spot occurs in Asia, Europe, and North America. The disease is dis- 
tributed in the southern section of the soybean belt of the United States, 
and it is prevalent on late maturing varieties. The typical zonate gray^ 
spots with purplish-brown margins are numerous on the leaves. The 
stem and pod spotting occur as the plants mature, especially on late 
varieties. The brown to gray spots on the pods are smaller, and less 
zonate than on the leaves. The fungus invades the pods, and mycelium 
covers the beans, but is not deep seated in the seed coat, according to 
Lehman (1928, 1934). 
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The Fungi, — Cercospora daizu Miura 

The conidiopliores, formed from thin stroma, are pale sooty black, nonseptate to 
rarely septate. The conidia are hyaline, cylindrical or fiisiforna, have a rounded apex, 
somewhat acute base, are nonseptate to as many as six septa, not constricted at the 
septa, and 5 to 7 microns wide by 39 to 70 long. 

Another species, Cercosporina kikuchii Matsu, and Tomoyasu, probably 
a Cercospora, is reported from Eastern Asia (Matsumoto, 1928, Matsumoto 
and Tomoyasu, 1925). 

The parasite persists in leaves and stems as well as in infected seed. 
Secondary spread from conidia occurs, especially late in the growing 
season. Early maturing varieties escape severe injury, although they 
yield less than the later varieties when free from disease. Seed treatment 
apparently does not control the disease in the area where damage is 
severe. 

14. Septoria Brown Spot, Septoria glycines Hemmi. — The disease is 
distributed widely in North America, Europe, and Asia. The heavy 
infections are usually early and scattered, and defoliation occurs on the 
heavily infected leaves. Heavy early infections of the primary leaves is 
common; subsequent develoment of the leaf spotting is less common, 
except during wet seasons. The angular spots are brown turning to 
reddish brown as they become older. The spots range from small to 
large, especially where the smaller lesions coalesce. The small spots on 
the stems and pods occur late in the season. Pycnidia develop in the 
mature lesions (Hemmi, 1915, 1940). Seed infection is not conspicuous 
(Wolf and Lehman, 1926). 

The Fungi. — Septoria glycines 

The pycnidia are submerged, flattened to globose, and open to the surface with 
a large pore. Conidia are hyaline, filiform, curved, have one to three indistinct septa, 
and are mostly 1,4 to 2,1 microns wide by 35 to 40 microns long, 

A second species, Septoria sojina Thuem, causes light-brown indistinct spots on 
soybean leaves in Europe and Asia. 

A third specic^s, Septoria sojae Syd. and ButL, is reported on soyl)eans. The three 
species need further comparative study. 

15. Sclerotial Root, Stem, and Crown Blights. — Several cosmopolitan 
parasites cause premature killing of the soybean plants. The general 
symptoms are similar in that the roots, crown, and basal portion of the 
stem are invaded, resulting in yellowing or wilting and the ultimate 
weakening or death of the plant. The various fungi are identified by 
the type of mycelium and the size, shape, and color of the sclerotia. 

Sclerotium rolfsii Sacc. occurs in the sandy soils of the southern area of 
the United States. The large globose brown sclerotia on the base of the 
stem and upper portion of the tap root differentiate the southern blight. 
This organism attacks a wide range of crop plants in the southern states. 
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Sclerotium bataticola Taub. causes the charcoal rot of crop plants. The 
disease extends into the corn-belt section of the soybean area and probably 
causes more total damage to the soybean crop* than the former species. 
Small round to irregular black sclerotia are produced below the epidermis 
on the dead stems and roots, and the Macrophomina pycnidia occur in 
the same tissues. 

Rhizoctonia solani Kuehn and other species occur on the soybean, 
especially in the northern half of the area in the United States and in 
Asia. The white mycelial mats in association with the lesioned tissues 
during wet weather and the characteristic branching of the mycelium are 
the important distinguishing characters. 

Phymatotrichum oninivorum (Shear) Dugg. causes a root rot of the 
soybean. The dead root and stem base show the characteristic brown 
discoloration below the bark. 

16. Brown Stem Rot, Unidentified Fungus. — This disease is general in 
some years in the Midwestern United States. Damage is caused by 
premature killing in the autumn followed by extensive lodging. Symp- 
toms consist of browning of the pith and xylem of the stem, starting at 
or below the soil level and progressing slowly upward with only slight 
external symptoms. Leaf symptoms are occasional early blighting of 
the lower leaves followed by a rapid interveinal chlorosis of the upper 
leaves and subsequent necrosis. In advanced stages of the disease, the 
outside of the stem appears brown and the weakened stems lodge badly. 
Low temperatures are necessary for disease development. The fungus 
appears to be soil-borne in crop residue and common in the commercial 
soybean area of the United States. The dense putty-colored nonsporulat- 
ing mycelium grows slowly in culture. A few fields have indicated that 
rotation may alleviate the disease (Allington, 1946). 
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SECTION IV 

DISEASES OF FIBER AND OTHER FIELD CROPS , 

CHAPTER XVI 
COTTON DISEASES 

Cotton is one of the major fiber crops of the world. The several 
Gossypium spp. cultivated for fiber and seeds and the wild species were 
placed by Webber (1939) and others in four groups, as follows: (1) the 
wild Australian species (Gossypium sturtii F. Muell.) with 13 chromosome 
pairs, (2) the wild and cultivated Asiatic species with 13 chromosome 
pairs, (3) the wild American species with 13 chromosome pairs, and (4) 
the American semiwild and cultivated species with 26 chromosome pairs. 
Hybridization between the Asiatic and American cultivated species is 
difficult due to sterility and incompatibility in chromosome pairing 
(Harland and Atteck, 1941, Silow, 1941, Stephens, 1942) . Crossing within 
the Asiatic and within the American cultivated species is general. Three 
types of American cotton are grown: (1) the sea island, (2) the American- 
Egyptian, and (3) the upland. Commercial varieties of all three types 
are probably of hybrid origin, and all three are adapted to somewhat 
different environments and industrial uses. 

The cultivated species and varieties are grown over a wide range of 
environments within the warmer climatic zones of the w^orld. In the 
tropical regions, many of the species are perennial. Adaptation of the 
hybrids to a shorter growing season results in annuals with indeterminate 
growth habit. 

Cotton breeding received attention early in the history of the crop in 
North America. Probably John Griffin was the first to employ what is 
essentially the back-cross method 50 years before the geneticists fully 
established the method as a sound procedure in plant breeding (Ware, 
1936). 

The general spread of the boll weevil and Fusarium wilt over the cotton 
belt at the beginning of the present century caused a change in types of 
cotton grown. The earlier maturing varieties with dett^rminate growth 
and fruiting habit as well as boll types better adapted to withstanding 
boll weevil injury replaced many of the older varieties, according to Ware 
(1936). By 1895, the Fusarium wilt disease had spread over the south- 
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eastern cotton belt of the United States and breeding for wilt resistance 
was started (Orton, 1900, Orton and Gilbert, 1912, Ware, 1936). Orton, 
in 1899, probably was the first man in the history of agriculture to submit 
plant populations to an epidemic of a disease in order to obtain resistant 
selections. However, selections on naturally infested soil were made by 
B. F. Smith and E. L. Rivers in 1895. Insects, diseases, and foreign 
economic competition all have played an important part in the changing 
of varietal types and the regions where cotton was grown. 

Plant diseases are estimated as causing an average annual loss of 17.1 
per cent of the crop, or 1,737,000 bales, between the years 1930 to 1939 
(Plant Disease Survey). 

L Leaf Discoloration or Rust, Nonparasitic. — Mineral deficiencies 
cause leaf discoloration and dropping in cotton. Potash is the most 
common mineral deficiency in cotton production. The malady is called 
“rust^^ because the leaves develop a rusty-brown color. Potash deficiency 
is manifest by a reduction in plant growth, by the tip and margin of the 
leaves developing a yellow to brown coloration, and by curling of the 
leaf margins. The leaves finally turn reddish brown and shed prema- 
turely, and the bolls are small and fail to open (Cooper, 1939, Neal and 
Gilbert, 1935). The potash deficiency also accentuates the development 
of the wilt disease (Young and Tharp, 1941). 

Not only the vegetative development and fruiting of the cotton plant 
are effected by unfavorable environmental conditions, but also the 
retention or conversely the shedding of the bolls after they have formed, 
Dunlap (1945), Wadleigh (1944), and others have investigated the 
influence of environmental factors, such as light intensity, temperature, 
moisture, and mineral nutrients, on plant development and boll shedding. 

2. Leaf Curl, Virus Transmitted by White Fly, Bernina tabaci Gen- 

nadius {B. gossypiperda Mism Lamba). — The malady has been 

reported from the Sudan, Africa, cotton areas on domestic and American 
cottons (Kirkpatrick, 1931). Leaf curl without mottling occurs on some 
types, and a typical mosaic with some shortening of internodes is common 
on American long-staple types. Initial transmission by the white fly 
Bemisia tabaci Gennadius from second growth sprouts is common. 
Resistant or tolerant varieties in domestic, Asiatic, and American cottons 
offer the best means of control. 

3. Angular Leaf Spot, or Bacterial Blight,^ Xanthomonas malvacearum 
(E. F. Sm.) Dows. — The bacterial blight is distributed widely in the 
cotton areas of the world. In the United States, the disease is more 
severe in the south central and south western sections of the cotton belt, 

^ Credit is given the Sub-committee on Cotton Diseases, Southern Experiment 
Station Committee or Eesearch Council for the information contained in the report, 
Cotton Diseases, March, 1945 (mimeographed). Good literature lists are included. 



causing girdling and death of the stenn. This type of syrnpioin is referred 
to as “black arm/' Angular to circular black sunken spots and rotting 
occurs on the bolls (Brown and Streets, 1937, Neal and Gil!)ert, 1935) 
(Fig. 88). Boll rot occurs during hot, humid weather, especially when 
insect punctures are numerous. Secondary organisms frequcmtly enter 
through the bacterial lesions to discolor or rot the boll. Entrance of the 
bacteria is through stomata or wounds (Edgerton, 1912, Tennyson, 1936). 

The Bacterium. — Xanthomonas malvacearum (E. F. Sm.) Dows. 

[Phytomonas malvacearum (E. F. Sm.) Bergey ei al] 
[Bacterium malvacearum (E. F. Sm.) E. F. Sm.] 
(Pseudomonas malvacearum E. F. Sm.) 
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where it occurs on the cultivated cottons and develops from inoculation 
QnGossypiumtkurheriTodi(Thxirheriathe8pesioidesXGtaj^^ 

Symptoms and Effects. — The small round spots occur on the cotyledons 
during the early seedling stage of growth and angular lesions on the older 
plants. The disease on the leaves appears first as watersoaked spots that 
enlarge to angular brown to black lesions. The spots occur on the leaves 
from the seedling to the mature plant stage during periods of high temper- 
atures. Black elongate lesions occur on the young stems, sometimes 


Fig, 88, — Angular leaf spot of cotton caused by Xanthomomis tnalvAurdram. 
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The rods are rouiuled at the ends, with one polar flagellum, no spores, and form 
pale-yellow (•()l()iiies in , culture. 

Etiology. — ^The organism survives in the fuzz on the seeds, probably in 
the seed, and on crop residue. The external infestation of the seed and 
early seedling infection of the cotyledons is common. Under conditions 
of high moisture at harvest or overwintering in the fields, seed infectiGn 
apparently occurs (Archibald, 1927). Volunteer seedlings from diseased 
fields frequently show infection of the cotyledons. Crop residue offers a 
means of infecting the new crop (Hare and King, 1940). The spread of 
the bacteria from infected cotyledons to leaves and other plant parts is 
associated with high temperatures, high humidity, wind, rain, and 
irrigation water, according to Brown (1942), Faulwetter (1917), Massey 
(1927), Stoughton (1928, 1930, 1931, 1932, 1933), and others. Water- 
soaking of the tissues prior to infection probably aids infection. Appar- 
ently environmental conditions of the western drier section are more 
favorable for the disease than those of the eastern section of the United 
•States. 

Control of the disease by seed treatment, crop rotation, and resistant 
varieties is practical. The me of sulphuric acid in delinting the seed 
gives good control in noninfested soil, according to Bain (1939) and 
Brown and Gibson (1925). The mercury dusts control seedling blight 
when they are used after the acid treatment as well as without delinting. 
Rotation of crops and deep plowing with irrigation and tillage well in 
advance of planting are useful in reducing the incidence of the disease 
from crop residue. Resistant varieties in some types of cotton are 
available. Knight and Clouston (1939, 1941, 1944) reported two factor 
pairs and modifiers in angular leaf spot resistance studies with old world 
types, sea island, and American upland varieties. Seedling reaction to 
the dis(‘aBe is similar to mature plant reaction, according to Weindling 
(1944). 

4. Anthracnose, Glomerella gossypii Edg. — The disease is distributed 
widely on cotton. Severe damage to seedling stands and to bolls and 
seed occurs in the eastern humid section of the cotton belt of the United 
Statens. Th(? disease is rare in the western drier area. The malady ranks 
first of those causing boil and seedling damage in the Southeastern 
United States, according to Edgerton (1912), Weindling et al, (1941), 
and others. 

Symptoms and EfiVets.^ — The lesions and rotting occur on the coty- 
ledons, leaves, stems, and bolls. Small reddish to light-colored spots or 
n(‘(*roKis of the marginal tissues are common on the cotyledons. Similar 
oblong brown cankers occur on the hypocotyl and young stern (Harrold, 
1943), Girdling of the stem occurs under conditions of high humidity. 
The lesions frequently are covered with the pink mass of spores in poorly 



through the dead pistil usually results in an internal rot and drying out 
of the boll. The general rot of the boll is associated with other organisms, 
especially Xanthomonas malvacearum, Accrvuli with dark setae develop 
on the lesions after necrosis of the tissues. 

The Fungus . — Glomerella gossypii Edg. 

{Colletotrichum gossypii South.) 

The perithecia, usually submerged in the dead tissues, are subglobose to pyriform, 
dark brown, with the beaks protruding, and 80“120 by 100-160 microns in size. The 


Fig. 89. — x\nthracnose of cotton caused by Glomerella gonHypU: (yl) leaf lesions; {B) boll lesions. 


developed acervuli. Limited dead brown spots occur on the leaves and 
stemS; especially associated with injuries or angular leaf spots (Fig. 89). 
The symptoms on the bolls vary, depending upon the time and manner 
uf infection. Infection on the side of the partly developed boll results in 
a sunken brown spot with reddish margin. Slimy pink masses of spores 
are common in the center of the lesion during humid weather. Infection 
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asci are numerous^ clavate in shape, and intemiixed with slender paraphyses. The 
ascospores, arranged uniseriatly or irregularly biseriatly, are elliptical, sometimes 
slightly curved, hyaline, and measure 5-8 by 12-20 microns. The conidia develop 
on the mycelium dr in acervuli, depending upon moisture. Acervuli vary in size and 
shape, and the setae are dark with hyaline tips. Conidiophores are short, closely 
packed, and hyaline. Conidia are cylindrical, generally straight, hyaline, one-celled, 

3 5-7 by 12-25 microns in size, and are held in a mucilaginous mass on the acervulus. 
Ullstrup (1938) reported considerable variability in the fungus. 

Etiology. — External seed infection is general, but the internal infection 
is limited; both result in poor stands and abundant coni dial inoculum 
from the lesions on the cotyledons. Low temperature and low moisture 
increase the amount of seedling blight and damping-off of seedlings 
(Arndt, 1944). Spread of the infection to the plant tissues aboveground 
from secondary inoculum occurs during humid weather throughout the 
growing season. Crop residue is an additional source of inoculum. 

Control- — Crop rotation and seed treatment are important control 
measures. Ceresan and Improved Ceresan control the seed infection 
borne externally and thus reduce the seedling infection and inoculum 
produced on infected seedlings. Varieties show some differences in 
susceptibility. Varieties resistant to Xanthomonas malvacearu7n show 
less boll rot from anthracnose. 

5. Boll Rots and Seedling Blight. — A number of organisms are associ- 
ated with boll rots and seedling blight in various sections of the world. 
The fungi associated with these diseases vary in different areas. The 
two diseases discussed previously are probably the most important of the 
group. Many of the secondary boll rots are due to infection following 
boll weevil m]\ivies. Aspergillus Rhizopus spp. cause boll rots 
following injuries and are common in the Southwestern United States. 
The former produces pink to brown lesions, the latter olive green to 
brown. Pink boll rot and root rot caused by Gihberella fujikuroi (Saw.) 
Wr. {Fusarium moniliforme Sheldon) is relatively common (Harrold, 
1943, Woodroff, 1927). In addition Fusarium^ Diplodia, Sclerotium spp. 
and other fungi are associated with either boll rots, seedling blights, or 
both (Gottlieb and Brown, 1941, Ray and McLaughlin, 1942). 

Seed treatment is used extensively as a control of the seedling blights. 
The organic mercury eompounds, especially Ceresan, are effective in 
increasing the stands of healthy plants. Rotation of crops using winter 
legumes in the rotation, soil preparation, and soil fertility are important 
preventative measures, 

6. Fusarium Wilt, Fusarium oxysporum L vasinfectum (Atk.) Synder 
and Hansen. — The wilt is distributed throughout the world in areas of 
sandy acid soil The disease is among the oldest cotton maladies in the 
United States and causes heavy losses when susceptible varieties are 
grown on the sandy soils (Orton, 1900). Fusarium wilt is interrelated 
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closely with, the root knoi nemB>tode[Heteroderamanoni (Cornu) Goddey] 
and potash deficiency* The root lesion nematode [Pratylenchus pratensis 
(deMan) Filip.] probably also produces avenues of entrance for the wilt 
fungus (Smith, 1941). The Fusarium wilt is prevalent in the South- 
eastern United States into eastern Texas on cotton, okra, Burley tobacco 
and the coffee weed (Cassia tora L.). It is important again in the lighter 
soils of the Southwestern irrigated sections where Acala Upland and 
American-Egyptian varieties are grown. 

Symtoms and Effects* — The plants show considerable variation in 
symptoms, depending upon the degree of resistance of the variety and 
environmental conditions. The diseased plants are small with smaller 
leaves and bolls. The leaves are yellow to brown and drop from the base 
upward. Wilting of the leaves and premature death of the plants occurs 
in susceptible varieties. Discoioration of the vascular elements and 
some plugging of the bundles is evident in sections of the root and stern. 
The symptoms apparently are caused by products of a toxic nature 
produced by the association of fungus and cotton plant rather than by 
the plugging of the xylem vessels, as reviewed by Gottlieb (1944) and 
Neal (1928). The variability in pathogenicity of the fungus is discussed 
by Armstrong ul (1940). 

The Fungus. — Fusarium oxysporum t vasinfectum (Atk.) Snyder and 
Hansen 

(Fusarium vasinfectum Atk.) 

The species Fmanum oxysporum SehL, as amended by Snyder and Hansen (1040), 
gives sufficient latitude morphologically to include the Fusarium spp. of section Elegans 
(Wollenweber and Reiriking, 1935) or the members of this genus produeing the wilt 
diseases. The physiologic varieties producing wilt on the respective plants or groups 
of plants are designated by the use of trinomials. Smith (1899), in the (‘arly investi- 
gations on this group, suggested this when he considered watermelon, cotton, and 
cowpea wilts as caused by varieties of the same species, and certain ot hers have followed 
this practice. 

The conidiophores are verticillately branched, and they form in sporodochia, reduced 
pionnotes, or less frequently, on the mycelium direct. Ellipsoidal unic(‘|{ular micro- 
conidia, averaging 2-3.5 by 5-12 microns in size, occur commonly. Sickle-shaped 
macroconidia, hyaline, mostly 3-septate, but sometimes 4- and 5-septate, typically 
3-4.5 by 40-50 microns in size are common. Vegetative resting cells (chlamydospores) 
form either terminally or intercalary, and sclerotia are common. The ascigerous stage 
is not known. 

Etiology. — Soil infestation is common in light acid or neutral soils. 
Infection occurs through the root system, with the fungus developing 
in the xylem. The wilting occurs during the growing sc^ason due to 
excretory toxic substances produced in the vascular elements. 

Control is largely by the use of resistant varieties and crop practices. 
Varieties resistant to both wilt and root knot give better yields in infested 
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soils (Smith, 1941, Young and Humphrey, 1943), Wilt resistance 
probably conditioned by a single factor pair (Fahmy, 1931, Kulkarm^ 
1937). In Egypt, the Asiatic cottons are susceptible as a group, whereas 
the American and Egyptian cottons contain resistant strains. The 
incorporation of organic material in the soil and a proper balance of 
potash fertilizer decrease the losses from wilt (Young and Tharp, 1941)7 
Rotations to reduce nematode infestation decrease wilt damage. 

7. Verticillium Wilt, V erticillium alho--atrum Reinke and Berth.— The 
disease is distributed generally, and apparently it is associated with 
alkaline soils. This wilt is prevalent in the Mississippi delta and the 
Southwestern United States. Verticillium wilt is severe in cool soils, 
especially when the plants are blossoming or later. Mottling of the 
leaves with pale-yellow irregular areas, later turning brown, are the most 
characteristic early symptoms. The infected plants ripen prematurely, 
and boll development is stopped. The interior xylem of the root and 
stem shows browning as in other plants infected with this wilt fungus. 

The Fungi. — Verticillium albo-atrum Reinke and Berth, and F, dahliae 
Kleb. 

Conidiophores are branched verticillateiy, and conidia are borne singly at the apex 
of the branches. Conidia are globose to ovoid, hyaline to lightly colored. The two 
species commonly associated with the wilts are differentiated by Berkeley et al. (1931) 
by the difference in type of resting mycelium. Verticillium alho-atrurn produces dark 
torulose resting hyphiu^, whereas F. dahliae produces pseudo-sclerotia and sclerotia. 

Both species are common in. most of the areas where the disease is 
severe on crop plants. The rapid dissemination of the disease on cotton 
in the Southwestern United States is unexplained (Rudolph and Harrison, 
1944). Tolerance to this wilt is associated with late maturity in most 
varieties. Wilt-tolerant varieties of the American types are being used 
in the Southwestern United States. Resistant varieties of the Gossypium 
barbadense L. type are more general than in the other species. 

8. Phymatotrichum Root Rot, Phymaloirichum onmivorum (Shear) 
Dugg. — The Phymatotrichum or cotton root rot is found on more than 
2000 different kinds of cultivated and wild plants. Losses in cotton are 
high in Texas, Arizona, and Mexico. Insofar as is known, the disease is 
limited to Southwestern North America. 

Symptoms and Effects. — In local areas in the fields the plants wilt 
slightly and turn brown. The first symptom visible on the plant is the 
yellowing and bronzing of the leaves. Slight wilting of the leaves occurs 
as the next transitory symptom. Soon after wilting the leaves become 
brown and dry but remain attached to the plant (Fig. 90). Root rot is 
evident below the soil surface by the browning of the bark and cambium 
tissues and by the strands of the mycelium on the surface of the rotted 



Fig. 90. — Phymatotrichum root rot of cotton, showing plants in varifjus stages of wilting and 
browning (J.) and the discoloration of the cortex of the root and stern base (i?). 
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roots. Spore mats appear on the soil surface near the dead plants when 
the soil is moist after summer rains or irrigation. The mats are first 
cottony and white, later becoming tan in color and powdery in texture. 
The root rot appears in patches when the plants are partly grown, and 
the areas of dead plants spread as the season advances. 


The Fungus . — Phymatotrichum omnivorum (Shear) Dugg. 

{Ozonium omnivorum Shear) 

Streets (1937) gives a good description of the fungus and reviews the literature. 
The my(dium consists of two types: the less common large-celled mycelium, and tlie 
fine-celled. The mycelial strand consists of closely coinpr<?ssed hyi>}iae with sUmder 
tapering side branches. These cruciately branched acicular hyphae ani characteristic 
of the fungus when the strands are actively vegetative. Old strands are small, dark 
browm, and with little branching. The spore mat develops from the strands into a 
large-celled much-branched hyphal mass with swollen tips (conidiophores) bearing 
numerous globose to ovate smooth conidia 4.8 to 5.5 microns in diameter or 5-6 by 6-8 
microns in the ovate-shaped conidia. Conidia apparently do not germinate or cause 
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infection. Sclerotia are round to irregular, small, light to dark brown, produced singly 
or in chains, and germinate to produce mycelium. 

Etiology.— The mycelial strands and sclerotia persist in the soil for 
long periods. Soil infestation in the alkaline dark soils once established 
is rather permanent (Taubenhaus and Ezekiel, 1936). Infection and 
rotting of the roots of the numerous plants affected occurs during the 
growing season, especially from mid-summer into the autumn. The 
northern boundary of the general infestation apparently is determined by 
winter temperatures (Ezekiel, 1945). The monocotyledonous plants are 
immune to the root rot under field conditions, although corn is attacked 
under greenhouse conditions. Substances within the tissues apparently 
contribute to the immunity (Ezekiel and Fudge, 1938, Greathouse and 
Rigler, 1940). The fungus development in the soil is checked by the 
competition and antibiotic action of other soil organisms. Soil conditions 
favorable for the development of soil microflora ax)parently offers the best 
means of holding the root-rot parasite in check (Crawford, 1941, Mitchell, 
1941). 

Control.— Economical control measures are inadequate especially in 
the alkaline soils to which the fungus is adapted. Rotation with oats, 
corn, sorghum, and grasses reduces the damage. The use of winter cover 
crops, especially legumes, reduces the root rot in cotton in most of the 
areas where the disease is severe. The use of organic material high in 
nitrogen or with nitrogen fertilizer, especially when combined with deep 
tillage and aeration, decreases root-rot damage and increases cotton yields 
(Adams et al., 1939, Blank, 1944, Jordan et aL, 1939). Early maturing 
varieties tend to escape the damage. Some diff’erence in reaction of 
cotton varieties and selections is indicated by Goldsmith and Moore 
(1941), Streets (1937), Taubenhaus and Ezekial (1936), although the 
large number of Go^sypium spp. and varieties tested to date do not indicate 
the presence of resistance to this disease. 

9. Soreshin, Rhizoctonia solani Kuehn.— The seedling stem canker 
known as “soreshin"’ is distributed generally on cotton and is common in 
the United States. Losses in seedling stands due to the disease are large 
in some areas and seasons, making necessary the replanting of largo 
acreages. 

Symptoms. — The characteristic symptom is the stem canker or so reshin 
near the soil line, although seedling blight is very common earlier in the 
season. The seedlings blight before or after emergence during cold, wet 
weather. The seedling rot develops first in the hypocotyl with little 
discoloration of the cortical tissues. Necrosis of the hypo<H)tyl tivssues 
and blighting of the seedling occurs in cold, wet soils. Under conditions 
less favorable for disease development, the hypocotyl lesions later appear 
as reddish-brown sunken cankers extending into the base of the stem. 
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These cankers range from linear cortical lesions to completely girdling 
the stem near the soil line. Partial recovery of the plants with new 
root growth occurs, especially in older plants, as the soil becomes warm. 
Angular brown shot-hole type leaf spots occur less frequently than the 
stem lesions (Neal, 1942, 1944), 

The fungxis is soil-borne and attacks a wide range of plants. The 
disease develops on cotton during periods of cold, wet weather. Crop 
rotations, good soil preparation, seed treatment with the mercury dusts 
and Arasan, and planting after the soil is warm are important control 
measures (Fahmy, 1931). Seed treatment is not effective in controlling 
the later cankering of the stems, although early hypocotyl invasion and 
seedling blight is reduced by the residual protective action of the dust 
fungicide. 

10. Rust, Puccinia staJcmami Presley, — The aecial stage of Puccinia 
stahnanii oamrs on cotton in the Southwestern United States. Under 
favorable conditions, infection is heavy and causes reduction in yields. 
The uredial and telial stage of the rust occur on Bouteloua spp., desert 
grasses common through the area (Presley and King, 1943). 

Symptoms. — The circular slightly elevated orange-yellow to citron- 
yellow aecia occur chiefly on the undersurface of the cotton leaves (Fig. 
91). 

The Fungus. — Puccinia stakmanii Presley 

{Aeddium gossypii Eli. and Ev.) 

{Puccinia hibisciata Kell.) 

{Puccinia schedonnardi Kell.) 

The aeqia develop chiefly on the leaves bjs slightly elevatc^d spots, 2 to 5 mm. in 
diameter, with the conspicuous peridia first orange and later fading to yellow, and the 
margin of the peridium lacerate or recurved. Aeciospores are globose or broadly 
oblong, pale yellow to colorless, and finely verrucose. Ureciia are formed chiefly in 
the leaves of the grasses, and they are pale brown with the epiflerinis of the. leaf turned 
back. XJrediospores are globoid or broadly ellipsoid, echinulat(?, with equatorial germ 
pores which distinguish this species from the others common on the grass(?s. Telia 
are abundant in the uredia, and they are formed also iruh^pendemtiy as naked sori. 
Teliospores are oblong to broadly ellipsoid, only slightly or not constricted at the 
septum, and rounded at both ends, the pedicel is long and sometimes attached at an 
■■angle..' ^ ■■ ■ ■ 

Etiology. — The uredia and telia develop on the grasses during the 
spring and early summer. Sporidial inoculum from the teliospores in 
the grasses is abundant during the summer rains and results in the aecial 
infection on the cotton. The presence of rusted grasses in the fields or 
in waste areas near the fields and summer rains determine the amount of 
rust damage on the cotton. Most American cotton varieties are suscept- 
ible, whereas the Asiatic cottons are resistant or moderately susceptible* 
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A second rust, Cer'otelium desmium (Berk, and Br.) Arth., occurs 
sparingly on cotton in the Southeastern United States and more generally 


•Fart of a cotton leaf showing the densely massed aecia of PxLccinia stakmanii on the 
leaf surface. 


in South America, West Indies, India, and the South Pacific, Only the 
uredial and telial stages are known; more recently listed as l^hakopifora 
desmium (Berk, and Br.) Cumm. 
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CHAPTER XVII 

FLAX DISEASES 


Varieties of common flax, Linum udtatissimmn L., consist of two 
types: fiber and seed. These differ considerably in character of plant 
growth. The fiber types develop tall slender stemsj produce a high 
content of good quality fiber, and bear seeds of low oil content. Seed 
flax varieties develop shorter stems with more tendency to branch and 
usually bear larger seeds of higher oil content. Flax is adapted to a 
wide range of environmental conditions but does best in cool climates. 
It is grown in the warmer regions of the temperate ssones as a winter crop 
and in the cooler regions as a summer crop. Seed flax varieties are more 
generally grown in the drier areas, whereas fiber flax is grown in the 
humid sections. 

A wild species, Linum angustifolium Huds., apparently is related closely 
to the cultivated flax. Both are of Asiatic or European origin, have 15 
pairs of chromosomes (Kiluchi, 1929, Ray, 1944, Tammes, 1928), and 
hybridize readily. The other wild Linum spp. of the Old and New World 
that have been investigated have not been compatible in crossing with 
common flax, although several have the same number of chromosomes 
(Ray, 1944) . Some of these midi Linum spp. are susceptible to important 
diseases of cultivated flax, notably pasmo and rust. 

Flax improvement in North America has centered primarily about the 
successful battle against diseases (Dillman, 1936), although more recently 
attention has been directed toward combining disease resistance with 
improved oil content and quality. Flax wilt played an important role 
in the development of the crop in North America. As early as 1890, 
Lugger (1896) conducted experiments on the control of wilt by the use of 
fertilizers and seed treatments. Bolley (1901) described the disease, 
named the parasite, and reported on wilt-resistant varieties; although 
unknown to him, Broekema (1893) in the Netherlands, described a similar 
disease complex and reported resistance to the malad}^; and in 1896, in 
Japan, Hiratsuka described the disease as being caused by a species of 
Fusarium. While losses from flax wilt, rust, and ]:)asmo are greatly 
reduced by the use of resistant varieties, these and other diseases cause 
heavy losses in this crop in some years. 

1. Heat Canker, Nonparasitic.^ — Heat injury of the cortical tissues of 
hypocotyl and stem near the soil line is common on flax (Reddy and 
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Brentzel, 1922) and other succulent herbaceous plants (Hartley, 1918, 
Harvey, 1923, Tubeuf, 1914). Surface temperatures in the dark-colored 
soils frequently are high enough to kill the cells of young cortical tissues 
before the plants are large enough to shade the surface. Cankers resulting 
from such injury are common in flax in the semihumid plains and at high 


Fig. 92. — Heat canker of flax caused by high soil temperatures near the soil surface. 


altitudes throughout the world. The cortical tissues collapse, resulting 
in the death of the young seedlings or in sunken brown lesions on the 
stems. The stems usually enlarge above the canker in the plants that 
survive the initial injury (Fig. 92), Cortical rotting organisms frequently 
invade the injured tissues to increase the damage (Reddy and Brentzel, 
1922). Preventing excessive soil temperatures by early planting, by 
drilling the rows north and south so as to secure maximum shading, by 
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higher rates of seeding, by use of a nurse crop, by mulching the soil surface, 
and by irrigation are means of redtcing this type of damage. 

" 2. Seedling Blight and Root Rot, Pythium kpp. and Other Fimgi.— 
The seedling disease complex known as seedling blight, scorch, fire, and 
root rot is common in the flax-producing areas of the world. The 
Pythium root rot is probably the most important single factor in this 
complex. The literature is reviewed by Berkeley (1944). 

The symptoms of the disease complex vary considerably. The seedlings 
blight in the early stages of germination or after emergence in the more 
severe nianifcvstations of the malady. When the disease develops follow- 
ing the seedling stage, the plants are dwarfed, the lower leaves turn 
brown, and the root system is reduced by a brown soft rot. The cortical 
tissues are invaded, followed by the rotting of the vascular tissues under 
conditions of high soil moisture and high temperature. 

The fungus Pythium deharyanum Hesse reduces stands and causes 
root rot, especially in the prairie soils of North America. Its morphology 
is given in Chap. XIIL 

According to Diddens (1932) and Middleton (1943), Pythium aphani- 
dermatum (Edson) Fitzp,, P, splendens Braun, P. vexans DBy., P. 
megalacanthum DBy., P. mamillatum Meurs, P. Buis., and 

P, intermedium DBy. are associated less commonly with root rot of flax. 
Olpidium brasmcae (Wor.) Dang. (Asterocystis radicis DeWild,), Thiel-- 
aviopsis basicola (Berk, and Br.) Ferr., and other fungi are associated 
with the root rot. 

The soil-borne organisms invade the seedling tissues under favorable 
environmental conditions, and they cause severe damage to stands when 
mechanically injured seed is used. Crop rotation and seed treatment 
with the organic mercury compounds or Arasan help protect stands. 

3. Powdery Mildew, Erysiphe dchoracearum DG. — The powdery mil- 
dew is probably of no economic importance in North America, Europe, 
and Asia, although it is reported abundant on flax in Siberia. The 
powdery superficial gray mycelium and conidia are formed on the leaves, 
stems, and floral structures. 

The Fungus. — Erysiphe dchoracearum DC. 

{Oidiiim Imi BkoTio) 

Perithecia are scattered, reddish brown, and develop simple appendages. Asci are 
stalked, clavate, hyaline, and usually contain two oblong to ovate ascospor(‘S. The 
ovate hyaline conidia are borne in chains from the apex of the conidiophore. Allison 
(1934) reported that only a few varieties were infected in the Minnesota plots. Homina 
(1928) reported Erysiphe polygoni DC. on flax in Japan. 

4. Pasmo, Mycosphaerella (Wr.) Garcia-Rada. — Pasrno occurs 

in the seed- and fiber-producing areas of North and South America, New 
Zealand, and Europe. The disease causes defoliation, reduces yield of 
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seed, and damages the fiber (Brentzel, 1930). Newhook (1942) reported 
the disease as general on wild flax {Linum. rnarginale A, Gunn.) in New 
Zealand. 



Fig. 93. — Pasmo disease caused by Mycoapham'ella linorum on flax stems. 

Symptoms. — The symptoms of the disease are striking and easily 
recognized, especially during the latter part of the growing season. 
Lesions develop first on the cotyledons and later on the lower leaves of 
the seedlings. The lesions are generally circular in outline and vary in 
color from greenish yellow to dark brown, depending upon age. Pycnidia 
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develop abundantiy in the older lesions on the cotyledons and on the 
leaves. Later the stern lesions develop, first as small elongated lesions 
which then enlarge and coalesGe, extending around the stem as well as 
longitudinally. The infected areas alternate with green tissue until 
infection becomes severe; then the stems brown as the plants are defoli- 
ated in the spots where the disease is severe (Fig. 93) . Lesions also occur 
on the bolls. The pycnidia develop on the stem lesions as they turn 
brown. Perithecia occur sparingly on the old dead stems. 

The Fungm— Mycosphaerella linorum (Wt.) 

(Sphaerellalinorum'WY,) 

{Phlyctmna linicola Speg.) 

(Septogloeum linicola Bpeg.) 

[Septoria Uni cola (Speg.) Gar.] 

The perithecia formed on the dead stems are spherical to oval, 70-100 by 60-90 
microns in size, and scatten-ed. The asci are oblong to clavate or subcylindrical, sessile, 
straight or tortuous, hyaline, with (jight spores irregularly biseriate or uniseriate. The 
ascopores are fusiform, mostly curved, aseptate, hyaline, and measure 2.5-4 by 11-17 
microns. The submerged pycnidia arc subglobose, 62 to 126 microns in diameter, 
with small ostioles wIku) fully develop(»d. The conidia are subcylindrical, tapering 
slightly to the ends, straight or {‘urved, usually 3-sept ate, but some are 7-septate when 
mature, the 3-septate conidia measure 1. 5-3.0 by 12-28 microns and are hyaline. 
Wollenweber (1938) described the ascigerous stage as Sphaerella linicola Wi. Imt in 
a note at the time of publication changed the binomial to S. linormn Wr., as Naoumoff 
(1926) had described M ycosphaereUa linicola Naum, on flax stems in Russia. Wollen- 
weber decided the two were not the same, as the perithecia described by Naoumoff 
were larger (200 microns). Th(‘ d(?scriptions are similar otherwise. Naoumoff (1926) 
described Ascochyia Imicola Naum, and Wass. causing stem browning and Phoma 
linicola Naum, on the stems late in the season. The latter fungus is probably the same 
as described on Limmi muamiaiiim in 1914 from Mesopotamia as F. Bub., 

from Belgium in 1926 on L. miiaiissimwn as F. linicola March, and Verpl, and from 
Ireland as Phoma sp. Pethybridgc? et aL^ 1921, Rost (1937) discussed the distribution 
of M. linortim and Garassini’s transfer of the conidial stage to the genus Septoria. 
Specialization of the parasite was studied by Rodenhiser (1930). 

Etiology. — The fungus persists on old straw, both as mycelium and 
conidia. The perithecial stage apparently is unimportant in the etiology 
of the fungus, and it is not common in North America. Primary and 
secondary inoculum is largely from conidia. Continued "vcet weather late 
in the growing season increases the spread and damage. 

Control. — Rotation and removal of straw or covering the straw in 
plowing helps reduce the inoculum. Seed treatment reduces the seed- 
borne conidia. Resistant varieties, such as Buda (C.I. 336), Bison 
(C.I. 389), Koto (C.I. 842), and Crystal (C.L 982), reduce the damage 
materially. 

5. Browning and Stem Break, Polyspom Uni Laff . — The disease is dis- 
tributed generally on flax. It is of little economic importance in North 
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America, but causes damage to fiber flax in Europe, New Zealand, and 
Asia,^' 

Symptoms.— The symptoms of browning are conspicuous on the seed- 
lings and on plants approaching maturity. Browning is largely a seed- 
borne disease, and the primary light-gray to brown circular lesions with 
darkened margin develop on the cotyledons. From the primary lesions 
the infection spreads to the cotyledonary node where a canker is formed. 
At any subsequent stage the stem may break at the canker. Since most 
stems are not completely severed they become semierect, but ripen 
prematurely producing little seed. Circular gray to brown lesions develop 
on the leaves, capsules, and stems late in the season. The development of 
the fungus is largely in the cortical and parenchymatous tissues. Minute 
ascervuli-like structures bearing abundant conidia develop on the lesions 
during periods of high moisture. 

The Fungus . — P olys por a Uni 

Small indefinite stromata are formed usually over the stomata! cavities. The hyaline 
conidiophores form as branches from this mycelial mat and bear masses of conidia 
from the swollen tips. No setae are formed. The conidia are oval to cylindrical, 
straight, with bluntly pointed ends, hyaline, and nonsc^ptate. The width of the conidia 
is constant at about 4 microns; the length is 9 to 20 microns (Henry, 1925, 1938, Lafferty, 
1921, Schilling, 1922). 

Etiology. — The fungus is primarily seed-borne but may persist in the 
crop residue. Inoculum from the cotyledons and infected seedlings 
initiate the general infection. Secondary spread occurs during periods 
of high moisture (Flor, 1936, Henry, 1925, Lafferty, 1921). 

Control.— The use of disease-free seed, seed treatments, and resistant 
varieties are important in control of browning. Seed treatment with the 
organic mercury compounds reduces seed infection (Henry, 1938, Muskett 
and Calhoun, 1941). Hot water-treatment, 10 minutes at 126’^F., is 
recommended by Baylis (1941). The variety Rio (C.L 280) is highly 
resistant to the disease (Flor, 1925, Baylis, 1941). 

6. Anthracnose, ColUiotrichum linicolum Pethyb. and Laff. — The 
anthracnose occurs on both the grain and fiber flax varieties in humid, 
cool areas throughout the world. Damage is severe in the California 
seed flax area on Punjab (C.L 20) grown in the winter and in the fiber 
flax regions of Europe and Asia. Bolley (1903) first described the disease 
as ^^flax canker^^ and named the organism Colletotrichum Imi Bolley, but 
he did not include a description of the fungus. 

Symptoms. — The symptoms are typical of most of the anthracnose 
diseases. Cankers on the cotyledons are circular zonated sunken brown 
srots that spread under cool and moist conditions to involve the cotyle- 
dons and apex of the stem. Seedling blight occurs either before or after 
emergence, in the latter case usually as a stem canker at the soil fine. 
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Leaf spots and stem cankers are common during the growing season, 
especially under conditions of high moisture. Brown spots form, on the 
capsules, and less CGnspicuous lesions are found on the seed. Aceryuli 
develop on the mature- lesions. 

The Fungus.— Zmcoium Pethyb. and Laff. 

(CoUetotnchum Uni Bolley) 

[Colletotrichum Uni (West.) Toch.] 

The acervuli are formed subepidermally, and they rupture the epidermis. Setae' 
are erect, usually B-septate, and dark brown. Conidiophores are short, hyaline, and 
mostly simple. Conidia are cylindrical, tapering toward both ends, straight to slightly 
curved, hyaline, and as<‘ptate to diseptate when mature. Westerdijk (1916) reported 
a somewliat similar disease, suggested the CoUetotnchum nature of the fungus, and 
named the fungus Gloeosporium Uni Westerdijk, however, the fungus was probably 
Polyspora lint 

Etiology.— Infected seed and crop residue are the important sources 
of infection. Conidia produced on the seedling cankers furnish the 
primary inoculum. Secondary infection occurs whenever weather con- 
ditions are favorable. Stands are reduced and fiber is damaged by the 
disease (Hiura, 1924, Pethybridge and Lafferty, 1918, 1920). 

Control.— The disease is controlled largely by the use of sound seed, 
seed treatment, rotation of crops, and resistant varieties. Buda (C.L 
326) and Crystal (C.L 982) are resistant, whereas Punjab (C.I. 20) is 
highly susceptible (Ray, 1945). 

7. Fusarium Wilt, Fusarium oxysporum f. Uni (Bolley) Snyder and 
Hansen. — The wilt disease is distributed generally with flax culture 
(Baylis, 1940, Bolley, 1906). Wilt has been associated with the culture 
of flax in North America . (Bolley, 1901) to the extent that the flax- 
seed industry was threatened prior to the development of resistant var- 
ieties. 

Symptoms. — Flax plants are attacked by wilt at any stage in their 
development, and symptoms vary with varieties and with environmental 
conditions. Although primarily a wilt, seedling blight occurs when 
susceptible seedlings are grown at high temperatures. In typical wilt, 
the leaves turn yellow or grayish yellow, the apical leaves thicken, growth 
stops, and the plants die and turn light brown (Fig. 94). Frequently the 
plant is only stunted, in which case the leaves turn yellow and fall 
prematurely or the primary stem dies and new apparently healthy lateral 
branches develop from the first node. A late infection or a weak attack 
may be evidenced by premature ripening. 

The Fungus. — Fusarium oxyspofumitlini^Qoll^j) Snyder and Hansen 
{Fusarium Uni Bolley) 

Conidiophores are short and branched and usually form in erumpent sporodochia. 
Conidia are fusiform to falcate, 3-septate, and hyaline to light pink in mass; micro- 
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conidia are not abundant (see Chap. XVI for morphology). Specialization of the 
parasite is reported by Borlaug (1945) and Broadfoot (1926). 

Etiology.— The fungus is primarily soil-borne; it persists for seyeral 
years in the soil to invade the young plant through the roots, and clevelops 


chiefly in the xylem vessels. High temperatures and low moisture are 
important factors in the development of the disease and the expression of 
resistance in most flax varieties (Tisdale, 1916, 1917). Fungus mycelium 
apparently must be present in the plant tissues to produce wilting 
(Schuster, 1944), Seed infection occurs and accounts for the spread of 


Fiq. 94 


lUax wilt caused by Fusarium oxy8pOTU‘m f, Hni^ The disease is controlled by the 
use of wilt resistant varieties, right. 
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the parasite to new areas (Bolley, 1924, 1926, Bolley and Manns, 1932). 

Control. — Wilt-rc'.sistant varieties constitute the chief means of control 
(Bolley, 1901, 1932, Staknum et al, 1919, Tisdale, 1917). Wilt resistance 
is eondilioued by scsveral factor pairs, and selected strains breed true for 
different decrees of ro-sistance (Barker, 1923, Burnham, 1932). The 
nature of wilt r(!.si.stanc(i has been studied by Nelson and Dworak (1925), 
Reynolds (1931), Tisdale (1917), and others. 


8. Rust, Mdampmra Uni (Pcrs.) L<5v. — Flax rust occurs in the major 
flax-prodnciu}!; arc'as of the world. Specialized races of the rust parasite 
occur on both the cultivated and wild species of Linum. The rust 
causes damage* to tlie fibers and reduces seed production. 

Sym])toms and Effect. — The flax rust parasite is an autoecious, long- 
cycle fungus producing pycnia (-sperraagonia), micia, uredia, and telia on 
the flax plant. Pycnia and aeeia usually occur during the early part of 
the growing sea.son, and they appear as light-yellow to orange-yellow sori 
on the leaves and stems. The reddish-yellow uredia occur on the leaves, 
stems, and capsules during the growing season. The brown to black 


9.>. —Flax fusit <;aut?ed hy Melampsora liui showing the old aeeia, the uredia, and the teiia 
on the leaves and stems. 
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telia, covered by the epidermis, occur chieiy on the stems, but also on 
the leaves and capsules late in the growing season (Fig. 95). 

The Eungm—Melampsora Kni (Pern.) L6v. 

( Uredo miniata f. Uni Pers.) 

(Xyloma Km Ehrenb.) 

{Melampsora liniperda Palm) 

The pycnia are sufoepidernial and are usually formed in the stomatal cavity. The 
round orange-yellow naked aecia occur on both surfaces of the leaf. Aeciospores are 
globoid, hyaline, and finely verrucose. The uredia are round to fdongate, naked, 
reddish yellow changing to pale yellow as they mature, with paraphyses intermixed 
with the spores. Urediospores are elliptical to obovate, walls yellow, contents orange 
yellow, finely verrucose, and pores usually equatorial (Fig. 95). Tcdia may be round, 
but often are elongated and confluent, covered by the epidermis, slightly elevated, 
and brown to black. Teliospores are formed in a closely packed single layer, prismatic 
in shape, one-celled, smooth, brown, and germinate in place (Fig. 95). 

Etiology. — The autoecious long-cycle rust produces all stages on the 
flax plant. The teliospores on the crop refuse germinate in the spring 
to produce the sporidia, which infect the young tissues of the flax plant. 
The pycnial stage develops, fusion of compatible haploid cells occurs to 
initiate the binucleate phase, and the aecial stage forms from the binu- 
cleate fusion hyphae. According to Allen (1934), the fungus is hetero- 
thallic. The primary iiredial infection develops from the aeciospores 
throughout the early part of the growing season, and secondary infections 
from urediospores account for much of the later spread. Telia are formed 
around the uredia and from independent uredial infections as the flax 
plant matures. The telia persist in the flax straw to rbnew the cycle. 
The uredial stage continues development in regions where the flax plants 
are growing in both summer and winter; however, the telial material 
on the crop refuse is the common source of primary inoculum in most 
flax-producing areas. 

Control. — Crop rotation and removal or plowing under of the flax 
refuse is important in controlling the epidemic development of the disease. 
The teliospores on small pieces of infected tissue frequently are carried 
with the seed; therefore, careful cleaning of flax seed is important, 
especially when seeding on new land. 

Resistant varieties offer the best means of rust control, as reviewed by 
Flor (1941) and Vallega (1944). Ottawa 770B (C.L 355), a seed flax, 
is resistant to the known physiologic races of North America and Europe 
and to most of the South American races. Bombay (C.L 42), Punjab 
(C.L 20), and Indian types 29 and 46 are resistant to all known races 
from Argentina (Flor, 1940, Straib, 1939, Vallega, 1944). J. W. S. 
(C.L 388), a fiber flax, is resistant to the South American races except 
races 42 and 42A, but is susceptible to certain of the North American and 
European races. Saginaw X Bombay (C.L 671) is resistant to all the 
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known Argentina races (Flor, 1941, Vallega, 1944). Other varieties and 
hybrid selections are resistant to many of the 42 physiologic races 
differentiated. No flax variety is known to be immune from all races. 
Flor (1941) has shown that several factor pairs are involved in condi- 
tioning resistance to the various groups of physiologic races. 

Physiologic specialization has been studied by Tlor (1935, 1940), 
Straib (1939), Vallega (1933, 1944), Waterhouse and Watson (1941), and 
others. Some 42 physiologic races have been differentiated from North 
and South America, Europe, and Australia. The reaction of certain of 
the races on some of the differential varieties is influenced by environ- 
mental conditions. 
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CHAPTER XVIII 
TOBACCO DISEASES 

The cultivated tobaccos comprise two species, tahammJj- 

and N, rustica L,; varieties of the former constitute the major commercial 
crop. A large number of additional species, however, are indigenous in 
the Western Hemisphere. The two cultivated species hyl)ridizie readily, 
as each contains 24 chromosome pairs apparently of similar origin. 
N. tabacum has been crossed with some 12 other species, with chromosome 
pairs ranging from 9 to 24. While in present experimental practice 
these wide crosses are not utilized extensively in breeding programs, theice 
is, nevertheless, the probability of obtaining disease-resistance factors 
from a number of the wild species (East, 1928, Garner et aL, 1936). 

The tobacco plant is adapted over a wide range of climatic and soil 
conditions of the world. The species are largely self-pollinated, and 
they are mostly annuals, varying greatly in type of growth and length of 
growing period. 

Both the leaves and stems are used in commerce. The stems are 
used in the preparation of nicotine extracts. The quality of the leaf is 
influenced greatly by climatic conditions and soil composition, which tend 
to localize production of different types of commercial tobacco. 

Diseases of the crop are important in both yield of leaf and quality 
of the product. Plant diseases frequently cause large losses in the crop, 
and disease investigations and control are inq^ortant factors in the im- 
provement of the crop. Wolf ( 1935) has discussed tobacco diseases in 
detail, and reference should be made to this volume for the more complete 
information. 

1. Leaf Spotting and Yellowing, Nonparasitic. — The quality of the 
tobacco leaf is associated with soil fertility and climate as well as the 
tobacco variety. “Firing, ^‘rusting,” “spotting, and similar descrip- 
tive terms have been used to describe various soil nutrient deficiencies 
and other nonparasitic manifestations. Deficiencies in potash, phos- 
phate, and magnesium influence the quality of the leaf and if acute are 
manifest by crinkling and yellowing of the leaf tip and margins, brown 
leaf blotches, and bleaching or chlorosis. The general use of commercial 
fertilizers in tobacco culture has reduced this type of malady in the more 
important tobacco areas. Other nonparasitic diseases such as trenching, 
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rici^nlrl liehtniiic injury, and hail spots are not unconamon (Anderson, 
SS loimson, 1924, Vailoau al, 1942, Wolf, 1935). ) ^ 

2 Brown Root Rot, (lauso Unknown.—The brown root rot of tobacco 
ri" Athor crops is pr(*s(uit in most of the tobacco districts of North 
America. Tim malady was dfiscribed first by 

<,nd it has b(‘(‘n studicul ext,cnsively since, as reviewed by Berkeley (1944). 
The brown necrosis of the roots develops first as a brown discoloration 


Vu Q» _T<)!ia<>r« roots showing the eharacteristie symptoms of the brown root rot, and en- 
Fio. 9h.- 1 showing necrosis. (Courtesy of J. Johnson.) 

of the c(‘Us of tlui cortical tissue, followed by cell necrosis and slouglnng 
off of the cortex and the final collapse of the entire root system (I ig. 96). 
Numerous fungi are associated with the necrotic tissues as the rot de- 
velops but none is capable of producing the disease under the conditions 
used in inoculation studies to date. The diseased plants are yedlow ami 
dwarfed, and they tend to wilt readily during bright days. Ihe plants 

recover somewhat as the season advances. , . , • „ 

The direct cause of the disease is not known, although it is associated 
with certain crops, especially corn, soybeans, orchard grass, and tiinotiy. 
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grown on the land the year prior to tobae(‘o. Trc^atinent of soil with 
heat or formalin reduces the damage. The sevt^rity of the disc^ase 
decreases with the continued production of tobacco. Tlie affected plants 
frequently recover after a period of hot, dry weather, with little browning 
of the new roots that develop later. 

Rotating tobacco with crops other than those tendiiig to induce the 
disease or continuous tobacco culture reduces damage. Tobacco varie- 
ties, in most of the types, differ to some extent in their reaction to the 
malady (Koch and Haslam, 1938). 

3. Mosaics, Infectious Viruses. — Tobacco mosaic has been associated 
closely with the historical investigations of virus disfiases in plants. 
Mayer (1886) first described the mosaic on tolaieco. Ivanowski (1892) 
demonstrated the transmissibility and the filterability of the virus prin- 
ciple using tobacco mosaic, and his work was confirmed and interpreted 
by Beijerinck (1898). The insect transmission of a tol)acco mosaic 
disease was demonstrated by Allard (1914); how(‘V<jr, Bali and Takami 
had demonstrated earlier the insect transmissi{)n of curly top of beet 
and the dwarf disease of rice, respectively (Chap. VII). The finst chem- 
ical purification of a virus was accomplished (Stanley, 1935, 1936) using 
the tobacco mosaic. Numerous physical and chemical studies have been 
made on the tobacco viruses during the past two dectides. 

Many viruses and numerous strains are associated with the mosaic 
maladies of tobacco in various parts of the world. The ordinary tobacco 
mosaic is the more common and widely distributed of the group. In 
addition, the ring spot and streak viruses occur commonly on tobacco 
in North America (Berkeley and Koch, 1940, Valleau et aL, 1942). The 
tobacco plant is used extensively in the determination and characteriza- 
tion of the plant viruses. Where mosaic infection is heavy early in the 
season, losses in yield and quality occur (Johnson, and Ogden, 1939, 
Valleau ei aL, 1942). The viruses and strains occurring on tobacco have 
been listed and described by Holmes (1939), Johnson et al (1939),^ 
and Smith (1937). 

Certain distinct diseases of the tobacco plant are caused by a specific 
virus or by two or more viruses in combination. This is true also in other 
crop plants, such as the potato and garden pea. Many viruses occur 
naturally on tobacco or can be transmitted to tol)acco, where they induce 
reproducible symptoms. Each of the viruses is distinguished, in part, 
on the basis of symptoms induced upon the specific plants or varieties. 
Other differentiating or diagnostic characteristics include specific differ- 
ences in the properties of the viruses, such as (1) longevity of infective 
principle in vitro, in specific plants, or in specific vectors; (2) tolerance to 

1 Manuscript of report of committee on description and nomenclature of plant viruses 
of the International Botanical Congress 1939. 



TOBACCO DISEASES 


the characteristic symptoms of the common tobacco 

5 . (Courteay of J.J ohmon.) 
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tion of the viruses has been adopted as yet, and future progress is depend- 
ent largely vupon a better understanding of the nature, of the viruses. 
A few of the more important of the tobacco viruses are discussed briefly. 

Common Tobacco Mosaic, Virus and Strains. — The ordinary tobacco 
mosaic is world wide in distribution, and it is the most common virus 
disease on the crop. The symptoms induced vary somewhat, depending 
upon age of the plant when infection occurs, the variety, and environ- 
mental conditions. 

Symptoms. — In most varieties of tobacco the primary lesions are 
yellowish green, followed by clearing of the veins and greenish-yellow 
mottling. Dwarfing and distortion of. the newly formed leaves with 
irregular crumpled swellings darker green in color frecpnuitly accompany 
the mottling (Fig. 97) . Infections early in the developnumt of the plant 
result in dwarfing of the entire plant, dwarfing and distortion of the 
flowers, mosaic-affected sucker growth, and frequently tissue necrosis 
on some varieties. Strains of the virus produce somewhat different 
symptoms on tobacco. 

The virus is transmitted chiefly by slight abrasive contacts. Several 
aphids, Myzus spp. and Macrosiphum solamfoUi (Ashm.), also transmit 
the virus. The virus is not transmitted through the seeds of mosaic 
tobacco. 

Control. — The common tobacco mosaic is controlled by rotation and 
sanitation. The virus persists in undecomposed infected tobacco resi- 
dues. Dried unsterilized mosaic leaves apparently are a source of re- 
infecting the plants by workers, either in the seed bed or in the field 
(Johnson and Ogden, 1939, Valleau and Johnson, 1937). Resistant 
varieties offer a possible means of control. In Ambalema, T. L 488, and 
other collections from Columbia, South America, resistance to common 
tobacco mosaic apparently is dependent upon two recessive pairs of 
genes and probably modifying genes (Clayton et al, 1938). Resistance 
as expressed by failure to show chlorosis after inoculation with tobacco 
mosaic was demonstrated in Nicotiana glutinosa L. and the first genera- 
tion hybrid between this species and N, tabacum L. by Allard (1914). 
Holmes (1938), using an amphidiploid species (AT. digluta Clausen and 
Goodspeed), found that the A. glutinosa response to infection with to- 
bacco mosaic virus was transferable to A. tabacum through the medium 
of the amphidiploid species and that the reaction was inherited as a single 
dominant factor pair. Clayton and McKinney (1941) have shown that 
the genotypes with the glutinosa type of mosaic resistance developed 
systemic necrosis or that they were highly susceptible under field con- 
ditions; however, other investigators have reported satisfactory results 
with this type of resistance. 

Tobacco Ring Spot, Virus and Strains. — The disease apparently is 
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distributed widely on tobacco and other crops and weeds, including soy- 
bean, sweetclover, and cowpea.. 

Symptoms.— Ring spot is essentially a foliage disease of tobacco, 
although on some plants, as the soybean, stems and buds are affected. 
The first symptom on tobacco leaves appears as small translucent rings of 
necrotic tissue. The necrotic tissue soon becomes bleached and dry as 
new rings form outside the primary ring and become separated from it 
by a zone of green tissue (Fig. 98) The ring pattern is circular to irregu- 
lar, depending apparently upon the nearness to virus. Symptoms vary 
from the ring patterns to bleaching and yellowing of the leaves. Young 
leaves show the sequence of symptoms as they unfold, indicating a sys- 
temic infection. Stem necrosis occurs on some Nicotiana spp., although 
it is uncommon on commercial tobacco. 

The virus and strains are transmitted by mechanical means and prob- 
ably insect vectors. Perennial weeds and sweetclover apparently are 
concerned with the overwintering of the virus. Control of weeds near 
seed beds and rotation of crops are possible means of control. 

Other Virus Diseases . — Tobacco streak and etch occur naturally in 
local or general areas of the United States and Canada. Streak is mani- 
fest by local or systemic irregular spots, lines, and ring-like necrotic 
lesions, usually foliowx^d by recovery. Systemic chlorotic mottling and 
necrotic etching are characteristic symptoms of the etch virus and 
strains (Pig. 98). 

Permanent or transient symptoms on tobacco are produced by a 
large number of viruses. As stated earlier, tobacco is used as an assay 
suscept for many of the plant viruses, 

4. Bacterial or Granville Wilt, Pseudomonas solanacearum E. F. Sm.— 
The bacterial wilt of tobacco and other Solanaceous plants is a common 
disease on tobacco in the Southern United States and the warmer areas 
of other countries. Losses from the disease are high in local sections in 
the Southeastern United States. 

Symptoms. — The symptoms usually appear several weeks after trans- 
planting. The leaves wilt, turn yellow, and finally brown as the plants 
die. The stems show yellow discolored areas in the xylem tissues and 
wdiite bacterial masses in the vascular bundles of stems and leaf veins. 

The Bacterium . — Pseudomonas solanacearum Vi. V. Sm. 

[Phytomonas solanaceara (E. F. Sm.) Bergey ct al.] 
{Bacillus solanacearum Vi. F. Sm.) 

I Bacterium solanacearum {V. F. Sm.) E. F. Sm.] 

The rods are motile by means of one polar fiagellnm, have no spores, no capsules 
develop, and the colonies are opalescent white to brown. 

Etiology and Control. — The bacteria persist in the soil in association 
with crop residue. The disease occurs on other Solanaceous crops, some 
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legumes, and several weeds. Infection occurs through the roots, es- 
pecially where injured in transplanting, by nematodes, or by insects. 
Crop rotation, use of cover crops, balanced fertility, and seed-bed 
sterilization aid in reducing the disease (Garriss and Ellis, 1941). 


5. Bacterial Leaf Spot or Wildfire, Pseudomonas tabaci (Wolf and 
Foster) Stapp — Wildfire occurs in the tobacco districts of North America. 
The disease is found on other plants, notably the soybean. The occur- 
rence of the disease is sporadic, and damage is associated with weather 
conditions; although, losses on tobacco are probably greater than from 
any of the other bacterial leaf diseases- 


Fio. 98.~Tobacoo leaves showing (A) ring spot and (B) streak •symptoin.-i. (Courteay oj 

J, Johnson.) 
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Symptoms.—Spots on the leaves are circular to angular as they coalesce. 
The spot consists of a small light tan to brown dead infection center 
surrounded by a halo of chlorotic tissue similar to that of halo blight of 
oats (Chap. VI). No exudate is formed on the lesions. InfectiGn of 
very young tissues results in a more general chlorosis of the infected 
area (Fig. 99). The disease generally appears on the lower leaves first 
and spreads rapidly during heavy rains or long periods of high moisture 
when the tissues are water-soaked or the stomatal cavities are filled with 
moisture, as reviewed by Valleau aZ. (1943). 

The Bacterium .— tabaci (Wolf and Foster) Stapp 

[Phyto7nonaiS tahacae (Wolf and Foster) Bergey et aLl 
(Baderimn tahacurn Wolf B.nd Foster) 

The rods are motile by means of polar flagella, have no spores, no capsules are, formed, 
and the colonies are wliite. 

Etiology and Control— The bacteria apparently persist in crop refuse 
to furnish inoculum for the new crop. Conditioms favorable for water- 
soaking of the leaf tissue or for filling the stomatal cavities with water 
are associated with rapid spread and development of the disease. Open 
stomata are important in the entrance of the inoculum in water into the 
stomatal cavity (Valleau et aLj 1943). Seed-bed sanitation is essential 
to prevent the damage and spread of the disease on the seedlings. Appli- 
cations of Bordeaux mixture to the seed bed help control the disease. 
Rotation of crops and elimination of the infected crop residues are 
important in the field control of the disease. Some of the commercial 
varieties are moderately resistant to the disease. 

6. Angular Leaf Spot or Black Fire, Pseudomonas angulata (Fromrne 
and Murray) Stapp. — The disease occurs in all tobacco areas of the 
United States, where under favorable environmental conditions late in 
the season the quality of leaf tissue is damaged. The small spots re- 
sulting from the late infections are conspicuous in the cured tobacco. 

The leaf spots vary considerably in size and shape. In the seed bed 
the spots are small, angular, and black or dark brown in color. In 
the field the spots are small and angular at first but frequently develop 
to larger lesions (Fig. 99). The larger spots are zonate, tan to dark 
brown, and small amounts of exudate occur on the surface (Promme and 
Wingard, 1922). The disease develops rapidly under high moistures 
and temperatures (Valleau d al, 1943). 

The Bacterium . — Psetidomonas angulata (Fromrne and Murray) Stapp 
[Phytomonas angulata (Fromrne and Murray) Bergey 
et aL] 

(Baderium angulatum Fromrne and Murray) 
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The rods are motile by means of polar flagella, have no spores, no capsules are formed 

and the colonies are dull * 

The etiology and control are similar to that for wiidfire. 


7. P^hium Damping-off and Stem Rot, PytUum Spp.— The disease 
occurs in the seed bed and soon after transplanting into the field. Dam- 


... / tne lesions oi wikt tire produced by Pseudo 

iahaci, (B) A mature leaf showing yellow blotches of potash deficiency and the angulai 
black lesions widi light centers characteristic of black fire or angular leaf spot caused b’ 
P. angulata. {Courtesy of J. Johnsim.) k 
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age from the disease is general, 'but especially severe in the ' tropics. 
The disease has been studied extensively in India and Sumatra, as 
gumni.ari25ed, by Middleton (1943)* ' „ ' ■ 

Symptoms.— The damping-off occurs in the early to late seedling 
stage as a seed-bed rot. The characteristic brown soft rot and white 
surface my celiurn occurring in local areas in the bed are indicative of the 
disease. In the field the dark-brown lesions develop at the base of the 
stem and frequently extend into the leaves (Anderson, 1940). 

The Fungi. — Sevciral species of Pythium cause the malady. The 
most common species is Pythium debaryanum Hesse. (The morphology 
is given in Chap. XIII). A second species occurs on tobacco in the 
Eastern United StatCvS (Anderson, 1940) and generally through Asia, 
Africa, and the "Pacific area. 

Pythium aphanidermatum (Edson) Fitzp. 

(Rheosporangium aphanidermatus Edson) 

{Pythium butleri Subr.) 

Sporangia are lobulate, branched, inflated, and freely produced. Oogonia are spherical, 
usually terminal, and 22 to 27 microns in diameter. Antheridia are usually monoclinous, 
typically intercalary, and occur one or two per oogonium. Odspores are aplerotic, 
single, smooth, moderately thick-walled, and 17 to 19 microns in diameter. Pythium 
delieme Meurs occurs on tobacco in Sumatra. 

Etiology and Control —These fungi are common on certain types of 
decomposing organic material in the soil. The invasion and rotting of 
the plant tissues occurs under conditions of high moisture and low light 
intensity. Sterilization of seed beds, drainage, ventilation, and the use 
of fungicidal sprays are all important as control measures. 

8. Black Shank, Phytophthara parasitica Yar. nicotianae (Breda de 
Haan) Tucker. — The disease occurs in the Southern United States where 
it has spread from the Florida-Georgia tobacco sections. The black 
shank occurs generally in the tropical sections of South America and the 
Pacific tobacco areas. The disease causes considerable damage in certain 
types of tobacco, but resistant varieties are coming into general use 
(Gratz and Kincaid, 1938, Tisdale, 1931). 

Symptoms. — Symptoms are evident by the blackened stalk and the 
subsequent rapid wilting of the tops. The disease occurs infrequently in 
the seed bed as a damping-off of the seedlings and the blackened rotted 
basal portion of the stems. In the field the black rot of the stem starts 
near the soil line and extends up the stem and down into the roots. 
Necrosis of the stem tissues is rapid, and a spongy rot develops. The 
plants wilt rapidly and collapse. Large brown leaf lesions occur in wet 
weather. The disease spreads from local areas as the season advances 
(Tisdale, 1931). 
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The Fungus.- 


var. nicotianae (Breda de Haan) 

{Phytophihora nicotianae Breda de Haan) 
(PhytophthoratabaciBa,w\) 

Tucker (1931) placed the fungus as a variety of Phytophthora varnvUcn f 
was similar in morphology and varied ehieflv in Iv. L ,.. . ^aat., as it 

Mycelial growth is abundant on media at high temperatures'^^ So T 
ovate, papillate, and average 25 by 30 

(chlamydosporos) are abundant in culture. Ofispores -ire spores 

in di„cfe, .1, hough ,h. ™ i, vnri*,., fc i.fcfrd ™„‘°h “ 

Etiology.— The fungus pensiste in the .soil in .association with 
refuse and reinfects the plants near the soil line. The funaus is snre^d 

Relatively long rotations and sanitation help prevent the r<,r^,Vl 
of th. di»a«,. Rhointont v.riotieg are u J Hh f a^ ‘wtSThe 
disease. a seT«e. Tisdale’s (1931) results indicated that severll Wo ‘ 
are probably involved in resistance to the di.sease ^ wctors 

9. Downy Mildew or Blue Mold, Peronospora tnhacina Adam-Th» 
downy mildew was first reported from Australia, where it occurs on^th! 
cultivated and some wild species. The first f n ^ ^ 

the United States occurred in Florida and Georgia in ig^l' 'VincTtb ^” 
downy mildew or blue mold has spread throuSh +h« t 

and southern tobacco areas (Anderson, 1937, 194() Kodi 'mu ’ 

diseases earlier were reported occasionally w d sp ci s 
m North and South America. More rocentlv hVri 1 
prevalent on cultivated tobacco in Argentina’ and Ert^r rr“ 

Caste, 1940, Wolf, 1939). The diseat 

bed and delayed planting. The damage from ^ 

the de™i„p™„t is iu„„„),„,, LTpc^lt ITrf ■ 

Symptoms. Ihe appearance of the infected nhnf.s lo , • 1 1 ' 

pending upon weather conditions, age of the plantt «n 1 f 
development. The disease in the f 

yellow indefinite lesions on the upper leaf surfLe rtrit 
downy mass of conidiophores on the undersurface of th 
young plants, and especially the leaf tissues brown s 5^!' 

the bed a scalded appearance (Fig 100 ) The lori *^Pse, giving 

and conidia are more charactSm on th" 
in the field. The older plants vpnnr«lK, ^ 

Peronospora hyoscyami DBy. 

Peronospora nicotianae Speg. 
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According to Adams (1933), Angell and Hill H932), Clayton and SUvvenson (1935), 
and Wolf (1939), three species occur on different suscepts: Pmmospom tabacina Admi 
on tobacco and certain wild species of the genus, P. idcoiianae Bpeg, <jn some wild tobacco 
species in S(mth America and possibly North America, and P, hyoscyami DBy. on the 
black nightshade (IIyoscya7nus niger L.); the latha* binonnal fonm'rly was used for the 
fungus on tobm;co. The morphology of P. tabacina only is given. 

One or more conkliophores emerge from the stomata, usually on tlie lowtu- surface of 
the leaf. The eonidiophores are five to eight tinU^s dichotomously branched, the 
curvature of the branches increasing to the ultimate branches whidi diverge obtusely, 
slightly curved, or recurved and end bluntly. The conidia are ovoid to ellipsoid, 
hyaline to dilute violet, measure 13-19 by 16-29 microns, and germinate to produce 
germ tubes from the side of the conidium. Odgonia aiid oospores are |)roduced in the 
necrotic tissues. The oogonia are terminal, with anthtaldia forming as a branch from 
the OQgonial stalk. The oospores are globose, dark brown, (‘pispore smooth or slightly 
roughened, and 35 to 60 microns in diameter. The intercellular my<*ehum and branched 
haustoria are described by Henderson (1937), 

Etiology .“Both conidia and oospores fiinction as primary inoculum 
under certain conditions. The conidia produced on tobacco plants, 
second growth, or perennial wild species in the areas of mild winter re- 
infect the seed beds. The odspores are the more important source of 
primary infection for new seed beds in most of the tobacco sections. 
While the conidia are relatively short-lived, secondary spread and wide 
distribution of the parasite occurs from this source of inoculum (Ander- 
son, 1937, Hill and Angell, 1933). Temperature, sunlight, and moisture 
are limiting factors in the development of disease (Dixon et aL, 1936). 

Control. — Location of seed beds away from oospore inoculum and use 
of fungicides offer the best means of control Steam sterilization as 
generally practiced, good drainage, and exposure to sunlight are advisable. 
The use of copper sprays and gasses such as benzol and paradichlor- 
benzene give control in the seed bed (Clayton, 1938). Clayton (1945) 
reported the commercial varieties susceptible in the early secKiling stage 
and varying somewhat in susceptibility in the mature plant stage. He 
also reported certain of the wild species of tobacco as resistant even in 
the seedling stage. Angell and Hill (1932) listed all the Australian species 
as susceptible. Fertile hybrids between the resistant wild species and 
tobacco are uncommon, and they are difficult to use. 

10. Brown Leaf Spot, AUernaria tenuis Nees.^ — During periods of 
high temperature and moisture, large circular brown spots develop on 
the mature leaves and on leaves after harvest. Spots on the leaves from 
contact infection through dead corolla tissue also occur in shade tobacco. 
The fungus sporulates on the surface of the lesions. 

11. Fusarium Wilt, Fusarium oxysporum var. nicotianae (J. Johnson) 
Snyder and Hansen.— The wilt occurs rather generally in the sandy soils 
of the warmer tobacco sections (Fig. 101). This variety of the fungus 
as well as certain of those parasitizing other crops, as cotton and tomato, 
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are capable of producing wilt in tobacco. Root ki 
deficiency apparently increase the damage from wilt. 


apparently 

potassium 


lOl.-KuHarium'wlt of tol.aoco showing the 

colored stem intenor. (Courtesy of J. Johnson.) 

resistant varieties offer the best means of control. The morphology of 

the is given in Chap^ XVI» 
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12« Frogeye Leaf Spot, Cercospora nicotianm EIL and Fa^— T ills leaf 
spot is distributed widely world, and it is of economic 

importance chiefly in the more tropical, humid areas. The symptoms 
are donate white and yellow circular spots with the grjiy conidiophores 
present later on the dead bleached portion of the lesion. Infections, just 
prior to harvest, produce small green spots on the cured leaves. Smaller 
.'zonate spots appear on the bracts, calyx, and capsules (Hill, 1936). ' 

The Fungus.— CJerco^pom nicotianae Ell, and Ev. 

(Cercospora radborskii Sacc. and SycL) 

(Cercospora solanicola Mk,) 

The dark-brown septate conidiophores aiise in groups from mussels of mycelium in 
the tissue. The conidia are borne from the terminal cdl, arui an? displaced by 
elongation of the conidiophore. The conidia tap<‘r gradually toward the apex, are 
hyaline, have 0 to 16 septations, and are 90 to 300 microns long. 

Etiology. — The fungus persists in crop refuse, and it is carried over on 
the seed. S(‘od-bed infections occur from tobacco trash or conidia on 
the seed. Secondary spread from conidia is general during hot, humid 
weather. The conidia and mycelium in dry crop rcTuse remain viable for 
one or more years. Seed treatment and sanitation aj>par(uitly control the 
disease in areas where living plants do not survive from season to season. 
Fungicidal sprays are necessary in areas where the conidial inoculum is 
abundant. 

13. Black Root Rot, Thielaviopsis basicola (Berk, and Br.) Ferr. — This 
fungus produces a root rot on a large number of field crops, including 
cotton, cowpeas, flax, lupines, peanuts, red clover, soybean, and tobacco, 
and it is world wide in distribution especially in cold, wet alkaline soils 
(Johnson, 1916). Prior to the use of resistant varieties, the disease 
caused large losses in yield of tobacco. 

Symptoms and Effects. — The disease proper is limited to the root 
system and the base of the stem. The depletion of tlie root system and 
the black rotted root stubs are the characteristic symptom. The de- 
pleted root system results in retarded uneven growth of the plants, a 
yellow or chlorotic appearance, and temporary wilting (Fig. 102). The 
rapid recovery of the plants as soon as warm weather prevails is also 
characteristic of the disease. The fungus invades the root cortex 
by entrance around the branch root ruptures, mechanical injuries, or 
direct penetration and advances through the cortex and ccmtral steeple, 
producing the blackened condition simultaneous with the ntHirosis of the 
tissues. 

The Fungus. — Thielaviopsis basicola (Berk, and Br.) Ferr. 

[Thielavia basicola (Berk, and Br.) Zopf.j 
(Thielavia basicola Zopf.) 
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Two tvnos of spores are produced under different environments and ages of the 
mwdium^ The endo.touidia are borne on the young mycelium, especia ly m ^culture. 

KO to 00 microns long, gnulually ( aiiering to 3 to 7 microns in diameter at the end. 1 hoy 
!ke nch rm 11 ..ear the center of a hyphal cell. The endoconid.a are lormed in 

:rain"4“ -<l -truded sh.gly or in chains. The con.d.a vary 


(/i). (Courtesy 

■ O VO q ft mierons are cylindrical with rounded ends, hyaline, and 
in size, measuring ^30 by 3-6 ^ The thick-walled resting spores 

r“inVj:srcS^^ 

Rawfcg, (.940, b„ «how„ «, 

the parasite* 
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Etiology —The fungus infestatioE persists in alkaline soils for an 
indefinite period and invades the roots of plantvS during cool^ wet weather. 
The parasitie activity of the fungus is greatly restri<!ted as the soil 
teniperature riseSj probably associated with both tln^ inUivity of the 
fungus and the resistance of the plant suscepts (C'ontint, 1927, Doran, 
1929, Jewett, 1938, Johnson and Hartman, 1919). 

The control of the disease is largely by means of resistant varieties. 
Johnson (1916, 1930) demonstrated the practical ccmtrol by resistant 
tobacco selections and that a complex of several fa(‘tors w(‘re involved in 
resistance. Conant (1927) and Jewett (1938) have studic^d the nature 
of resistance. Resistant varieties of the various types of tol)aeco are 
used wherever tobacco is grown on soils itih^stcnl with the parasite. 
Crop rotations are used in reducing the severity of the infestation. 

14. Soreshin, lihizocionia solani Kuehn and Sclerotiiim bataticola Taub., 
and Other Fungi.— These similar dis<‘ases are distributiNl generally on 
tobacco and many other field crops. The fungi <aiusing the stem canker- 
ing (soreshin) vary in the different tobacco-prodinang sections. Rhizoc- 
tonia is more prevalent in the cooler areas; Scleroiiwm hdtaticola and other 
species occur more commonly in the w^armer areas. Thi^sc^ attack 
the basal stern tissues and produce a similar type of disease. 

Symptoms and Effects.— Dark-colored eankcjrs or rotting at the base 
of the stem occur in the seed bed or in the field. Tin* lesions usually 
occur near the soil line and vary from local cortical lesions to cankers 
developing into the woody tissues and central pith. Umler favorable 
conditions, the lesions extend up the stem and into the low^er leaves. 
The invaded tissues show extensive necrosis and collapse of the tissues. 
The brown to black rotted lesion is relatively dry, and s(*ierotia are 
common on the rotted area. The infected plants are yeli<)w and dwarfed, 
frequently break over, and in severe rotting they wilt and brown. 

The Fungi . — Rhizoctonia solani Kuehn or FelUcidariaJilammiosa (Pat.) 
Rogers {Cortidum vagum Berk, and Curt.) 

The morphology of the fungus is given in Chaps. VII and XL 
Sclerotium bataticola Taub. 

The morphology of the fungus and its several stages are discussed in 
Chap. IX. 

Sclerotium rolfsii Sacc. also occurs on tobacco in the Soutliern United 
States. 
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DISEASES OF FIELD CROPS ARRANGED BY CAUSAL FACTOR 

(Suggested for a three-hour course) 

1. Nonparanitic DLseavses - 

Gray 8p(,K;k diKea 80 of cereals— manganese deficiency 

Alfalfa yellows — I loron deficiency 

Leaf spot. ting “rust^’ of cotton— potash deficiency 

Frost injury and winterkilling in wheat 

Cold and winter injury in alfalfa 

Heat canker in tlax 

Browni root rot of tobacco 

2. Virus Diseases 

Vectors larg(?ly aphids 
(>)mm<)n tobacco rnosaic 
Tobacco ring spot 
Alfalfa and ciov<‘r mosaics 
Corn and sugariaiiu* mosaics 
Vectors largely leaf hoppers 
Alfalfa dwarf 

Corn and sugarcane strc‘ak diseases 
Chlorotic streak of sugarcara; 

Dwarf disease of rice 

Vectors unknown! but symptoms similar to streaks 

Wheat mosaics 

3. Bacterial Disea«« 

Bacterial blights 

T-lJacterial l)Iight of barley, wheat, rye, grasses — Xanthomonns transhicem 
i5a(d,eriai stn^ak of sorghums — Xarithomonas holcicola 
I^actenal stripe of sorghums — Pseudomonas andropogoni 
Angular leaf spot of tobacco^ — PseiMomonas angulata 
Angular leaf spot of cotton — Xanthomonm nmlvaceanwi 
Bacterial pustule of soybean — Xanthmnonas phaseoli var. sojense 
.Halo blights 

Halo blight of oats and grasses — Pseudomonas coronafacie7is 
Wild fire of tobacco and soybean — Pseudomonas tahaci 
Bacterial wilts 

Alfalfa wilt — Corynehactermm insidiosum 
Stewart's wilt of corn — Bacterium stewartii 
Granville wilt of tobacco* — Pseudomonas sotanacearum 
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4. Ghytrkiiales 

Crown wart of alfalfa — Umphlyctu alfalfm 
PhN^sotiernui diseaBO of corn— P/i//.sorierma 

5. ' PeronoHporakiS 

Pythiuiu diseases 

Hoot r<)t of corn and sugarcane~Py//M'wm 
Root rot of cereals and grasses~P;////mr?K 
Root rot and damping-off of legumeB, etc . — Pytkium debar yanum 
Downy mildews 

Downy iriikkw of alfalfa — Perormpora iriftdiorum 
Blue mold or downy mildew of iohmexy—Penmosporn tahacina 
Downy milk; w of the cereals and grasvsos — Sderonpora macro.^pora 
Do\vny mildiiw oi ml\letB--Sderospora granriiikolfi 

6. Pensporial vs (Powdery Mildews) 

Powdery nukie\v of cereals and grasse8‘~-itV/;^>'ip/m 
Ihmdery imldom oi legmnes--Erijsvphe pohjgoNi 

7. Hypocreales 

Ergot of cereals and grasst^s — Clamceps purpurea and C. pmpnli 
Gibberella head blight, root rot, and seedling blight of ei*mdB-<Iihherdla 
zeae, Fmarium cidmorurn^ etc. 

Corn ear and stalk rot and seedling blight — Gibberella zeae and G, f ujikuroi, etc. 
Sooty blotch of clovers — Cymadoikea trifoUi 

8. Sphaeriales 

Pasmo disease of flax — Mycosphaerella liuortmi 

Spring black stem of kgumes— Mycosp/jnercfki lelimlis, Ascachijta im;perfecta,' 
Fhoma trifolii 

. Summer black stem' and leaf spot of k^guines— il:f|/cnsp/ir«?felfa daimii'md 
CercoBpora zebrma 

Culm rot o! Tice— Leptospkaeria salidnii 
Take-ali of wheat and grasses — Ophioholm grammis 

Corn leaf blights— het€roatropu,% Helminth oh poriiim iurdmm., and 
JJ. carhonum 

Spot blotch of barley and wheat — Helmmthosparium miivum ifyee bXbo Cochlio- 
holm miyabeanm {IL oryzae) 

Net blotch of barley— Pj/renop/iora teres (See also P. hromi and P. avenue) 
Stripe disease of barley — Helminihosporitmi gramineum 

9. Pezizales 

Sclerotinia root rot and crown rot on red clover— irijoliorum 
Pseudopeziza leaf spot of alfalfa — Pseudojieziza medimginh, P. tn'foiv) P, 
meUloii 

Yellow leaf spot of sdhilia—Pseudojieziza jonesii or Pyrenapeziza medirnginis 

10. Sphaeropsidales 

Diplodia ear rot and stalk rot of corn — Diplodia zeae, D, macrosporn (See also 
Physalospora zeae and P, zeicola) 

Septoria leaf blotches of cereals and graBses—Septmia spp. 

11. Melanconiales (Anthracnoses) 

Northern anthracnose of clovers — Kahatiella caxdivora 
Southern anthracnose of clovers — Colletotrichum trifolii 
Anthracnose of cereals and grasses — Colletotrichum graminicolum 
Anthracnose of cotton — Glomerella gossypii 
Red rot of sugarcane — Physalospora tiicumanensis 
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12. Moniliales 

Phymatotrichum root Tot-^Phymatotrichum omnworum 

Scald of cereals and grasses — Rhynchosporium secalis and R, orthosporium 

CeroHpin'ii htd Hpot oi rme'-^Cercospora oryzae 

Fmannin \\i\t of crops-—Ftisarium oxydpormn 

(S(3e also Veriiciilium wilt of cotton — Verticillium alho-atrwn 

13, Autobasidioniycetes 

Khizoctonia root rot and stem blight of crops — Pellicularia filamentosa 
Typimia snow mold or scald of cereals and grasses— Typhula itoana^ T, 
idahoensis^ etc. 

14. Ustilaginales (Bmnts) 

IJdilago spp. 

Covercid smuts of cereals and grasses — Ustilago hordei^ U, kollen^ U. bullataj etc. 
Intermediate or black loose smuts of cereals and grasses — Ustilago avenue, 
U. nigra 

Loose smuts of cereals and grasses — Ustilago nuda, U, tritici, etc. 

Stalk smut s of grasses — Ustilago spegazzinii, etc. 

Stripe leaf smut of grasses — Ustilago siriijormis 
Corn smut — Ustilago rnaydis 
SphacdothecM spp. 

Kern<d smuts of sorghum — Sphacelotheca cruenta, S. sorghi 
Tilletia spp. 

Kernel smuts (bunt) of wheat and grasses — Tilletia caries, T. foetida, etc. 
Neovossia spp. 

Ktsrnel smut of rice— N eovossia horrida 
Entyloma spp. 

Leaf spot smut of rice and grasses— Entyloma lineatum, E. irregulare, etc. 
Urocystis spp. 

Flag smut of wheat and grasses — Urocystis tritici, U. agropyri, etc. 

15, Uredinales (Ilusts) 

Melampsora s|>p. 

Flax rust — Melampsora Uni 
Uramycesspih 

Rust of legumcjs — Uromyces striatm, U. trifoln 
Pmcinia .spp. 

Stem rust of eenails and grasses— graminis 
Stripe rust, of cereals and grasses— Pucdnia glumarwn 
L(iaf rust of cereals and grmses—Pnccinia coronata, P. rvhigo-vera, P 
poae-smleticae, etc. 

Cotton rust — Pmcinia stakfmnii 
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BACTERIA AND FUNGI PARASITIC ON FIELD CROPS 


SCHIZOMYCETBS 

Suscepts "" 

; .Page': '■ 

Eubacterialos ! 



Erwinia Jlavida (G. Fawc.) Magrou. 

Sugarcane 

im 

Bacterium agropyri (O’Gara) Stapp. 

Gruss(‘s 

‘ 258 

B. albilinearis Ashby 

Sugarcane 

1 187,188 

B. panid Elliott 

Millets 

mi 

B. ruhrisuhalhicane (Christopher and Edg.) 
Burgw 

Sugarcane 

189 

B. stewaTiii B. F. Sib 

Corn 

97, 68, 69 

Xanthomonm holcicola (Elliott) Starr and 

Burk. 

Borghuins 

168,169' 

X, malvaeearum (E. F. 3m.) Dows 

Cotton 

341, 342, 343. 344, 

X. phaseoli vox. sojense (Hedges) Starr and 


345' 

Burk. 

Bo.y beans 

331, 332 

X. rubnlineans (Lee et aL) Starr ami Burk. . . : 

Bugar(*ane 

188,189 

X, iranshicens (L. R. Jones, A. G. Johnson, 
and R(?ddv) Dows. i 

Cereals 

21, 22, 23, 110, 266 

X. translucens f. sp. cemtUs Hagb 

Grasses, c<‘r<ails 

257 

X. ira.nslucens f. sp. phldpratmiHU Wallin 
and Reddy 

Grasses 

: 258' 

X. translucem f. sp. secalis (Rc‘ddy, Godkin, 
and A. G. Johnson) Hagb 

liye, grasmts 

151 

X, translucens f. sp, undulosa (E. F. Sm., 
L. R. Joints, and Reddy) Hagb. 

i 

Wheat ! 

201, 202 

X. vasculornm (Cobb) Dows 

Sugarcane j 

69, 186, 187, 188 

PseudomonaB alhopredjritanB Rosen 

1 Grasses, <foro 

99 

P. andropogoui (E. F. Bni.) Stapp 

Borgliuiiis 

168, 160 

P. angtdaUi (Froinme and Murray) Stapp. . . 

Toliacco ^ 

375, 376 

P. airofadem (MeCuii.) Stapp 

Wheat 

202 

P. coronafcrcifins (Elliott) Stapp 

Oats 

108, 109, 110 

P. coronafadens var. airopnrpurea (Reddy 

and Godkin) Stapp 

Grasses 

2S6, 257 

P. glydnea (Co(?rper) Stapp 

Boyl.>eans 

331 

P. iioana Toch. 

Rice 

134, 135 

P. medicaginiB Sackett 

Alfalfa 

297, 325 

P. Bojae Wolf — P. glydnea (Coerper) Stapp. 

Soylxians 

331 

P. solanacearum E. F. Sm 

Tobacco 

373 

P. striafadenB (P^liiott) Starr and Burk ..... 

Oats 

110 

P. syringae v. Hall 

Sorghums 

169, 317, 325 

P. tahad (Wolf and Foster) Stapp 

Tobacco 

331, 374, 375, 376 

P. tnfoliora (L* R. Jones et al.) Burk, == P. ' 
Byringae v» Hall 

Clover 

317 
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SCHIZOMYCETES . 

Suscepts 

Page ■' '■ 

A<‘finoiny{*(‘i.ai(NS 



CoryiHihacUtrium mi^idiomirn (McCuIl.) H. L. 
Jens 

Alfalfa 

295,296,325 

C. rathayi (E. F. Sm.) Dows. ..... .... 

Grasses 

268 

PHYCO.MYCETES 

Chytridiales 

Olpullaceae 

Olpidimn triJoUi (Pass.) Sehroet 

Clover 

298,299,299,325 

{AatcrocydiH radich D{‘Wild,) = OVpidium 
hrassir/ie (VVor.) Dari^i;.,. 

Flax 

.367 ■ 

Cladochytriaceae 

rrophb/HU (fljidfae (Lag:eh.) Magn 

Alfalfa 

297, 298, 299, 325 

{i\ tnfolii (l*ass.) Magn.) — Olpidium 
trifolii (Pass.) Seliroet ' 

Clover 

298, 299, 325 

Fki/soderma zea-mmjdis Shaw 

Corn 

1 70 

OOMY"CB]TES 

Peronosporales 

Pyihiaceae 

Pythiu7n aphaiiidermatum (Edson) Fitzp. .. 

Tobacco, flax 

71, 367, 377 

P, ariastospormn Vantxirpool . 

Wheat 

203 

P, arrhenonmnes Drechs 

Cereals, grasses 

70, 71, 72, 170, 171, 

P. debar yamwi Hesse 

General 

189,203,268 

258, 299, 325, 332, 

P. delietise Mcairs 

Tobacco 

367, 377 

377 , '1 

P. grandiricolum Suhr 

Cereals 

70, 71, 189, 203, 258 ! 

P. intermedium DBv 

Flax 

357 

P. irregnlare Buis 

Flax 

357 

P. mamilhium Meur.s 

Flax 

357 

P. meqalacnnthmn Uiiv 

Flax 

357 ■ , 

P. Bphmdens Jiraun . . 

Alfalfa, flax. - 

299,357 

P. tardicresce?^ Vanierpool 

Wheat 

203 

P. ultimum Trow 

Alfalfa 

299 

P. vexan^ DBy 

Alfalfa, flax 

299,357 

P. volutwm Vanterpool and TriLscott. ..... 

Wheat 

203 

Peronosporaceae 

Phytaphihora cactorum (Leb. and Cohn) 
Sehroet 

Sweetelover 

299, 325 ' ''I 

P. megnspexma 

Sweetclover 

299 , ■. 

P. paraeitica Dast., 

General 

378''. 

P. parautica var. nicotiavae (Breda de 
Haan) Tucker 

Tobacco 

377, 378 ' . ' . ^ 

Peronospora hyoscyann DBy 

Nightshade 

378, 390 ! 

P. marmhurica (Naum.) Byd 

Soybeans 

332, 333 

P. nicotiame Speg 

Tobacco 1 

378, 390 

P. tahactna Adam 

Tobacco 

378, 379, 380 

P. trifolionm DBy 

Alfalfa, clover 

299, 300, 301, 325 
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OOMYCETES 

Buvscepts 

Page 

Peronosporal(\s, PeronosporaceaCySclermpora 



hutlcri Weston, . . , , . . . .... , . , ..... . . . 

Grasses 

75' , 

>S'. fnrloirii GrifT 

Chloris s|). 

■■75 ■■ 

S. graminicola (Saec.) Sehroet. 

Grasses, luilhds 

7.% 75, 99, 100, 101, 

B. But! 

Corn 

171, 204, 259 

73 

{B, jamtiica Palm) ^ B, maydis (llac.) 

Butl 

Corn 

73 

B, mucrospom Saec.. 

Ccjreal.s, grasses 

73, 75, no, 204,259 

B* macpnmana Sorok. .................. 

Plquiseturn 

75 

B. jnaydm (Rac.) ButL i 

Corn 

73, 75 

B, miminthi Miy i 

Misatnthus sp. 

75 

B* rtoblei W(\ston . . . : 

Sorghum, grasses 

75 

B. northi W(‘ston 

Brian til us sp. 

75 

>S'. 0TyzaeV>x\7X 


75 

B* philvppinemu Weston 

Corn, sorghum, 

73,75 

B. sacckari Miy. 

sugarcam* 
8ugarean(% c*orn 

73,75,190.. 

S. sorghi (Kuikarni) Weston and Uppai 

Sorghum 

73, 75, 171 

S. spontanea Weston 

Sugan*an(.‘, v<mi 

73, 75 

ASCOMYCETES 

Helvellalos 



Geoglossaceae 

Mitrula sclerotiaruni Rostr. 

Clover 

■■ ■321 

Perisporiales 

Erysipkaceae 

Erysiphe cichoracearum DC 

Flax 

357 

E, graminis DC 

Cereals, grtisses 

25, 26, 27, 46, 269 

E. graminis avenae El, Marchal 

Oats, grasses 

111 

E. graminis hordei EL Marchal 

Barley, grasses 

26, 27, 28 

E, graminis secalis EL Marchal 

Rye, gra&ses 

151 

E, gra?nrms tritici EL Marchal 

Wh{‘at, grass(‘s 

205 

E. pohjgoni DC 

Tiegum<‘S 

317, 325, 334, 357 

Microsphaera alrd (DC.) Wint 

Clover 

317 

Hypocreales 



Hypocreaceae 



Clamceps microcephala ('Wallr.) Tul 

Gnivsses 

2t)0 

C. paspali F. L. Stevens and Hall 

Gras.stxs 

259 

€. purpurea (Fr.) Tul 

Cereals, gravsses 

32, 135, 152, 153, 

C. pusilla Ces 

Grasses 

154, 155,157,205, 
259, 260, 261 

2511 

(Ustihginaidea oryzae (Pat.) Bref.) = 

U. Virens (Cke.) Tak 

Rice 

135 

U. setariae Bref 

Grasses 

135 

U, vireyis (Cke.) Tak 

Grasses 

135 

Epichloe typhina (Fr.) Tul 

Grasses 

262 
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ASGOMyCKTES 

Suseepts 

Page 

Hypo(^r(*ales, Ibjpocreamie^ Calonectna 

(jmminlcA)la (lierk aiul Br.) Wr. 

Cereals, grasses 

152,210,211,262 

C. gra minicola var. neqlecta Krampe. . . . . . 

Cereals 

211 

C. nivalc Fr, arxi C. uioale f. graminicola 
(Berk. an<i Br.) Snyder and Hansen 
acKiording to Snyder and Hansen 
(Wheat, 1045).... 


212 

Gibherellafujikuroi (Saw.)Wr 

Cereals, grasses, 



cotton 

74, 76, 77, 78, 80, 

G. fujikuroi var. subglntinans Edwards. . . 

Cereals, grasses 

136, 171,190,345, 
77, 80, 190 

(G. saubineiti (Mont.) Saec.J = G. zeae 
(Schw.) Fetch 

Cereals, grasses 

28, 74 

G, zeae (Schw.) I\d>ch 

Cereals, grasses 

28, 29, 30, 74, 76, 

Dothidiaceae 

Fkyllachora graminu (Fr.) FekI 

Grasses 

77, 79, 135, 171, 
207, 210, 263 

262 

Cymadothea trifolii (Fr.) Wolf 

Clover 

318, 325 

[Dothidelki irifolii (Fr.) Bayi.-Eiliott] = 
Cymadothea trifolii (Fr.) Wolf 

Clover 

318 

PaetMio'plea irifolii (Rostr.) Petr 

Clover 

319, 320, 325 

[Saceothecium trifolii (Rostr.) Kirsch.] = 
PmudopUa irifolii (Rostr.) Fetr.. 

Clover 

319 

Sphaeriales 

Mycosphaerellaceae 

Mycosphaerella davisii F. R, Jones ....... 

Alfalfa, clover 

303, 304, 325 

M. lethalis Stone 

Sweetclover 

301, 302, 303, 325 

M. linicola Kaum 

Fla.^ 

359 

M. linorum (Wr.) (4arcia-Rada 

Flax 

357, 358, 359 

PleoBporaceae 

Phymlospora tmumanensis Speg 

Sugarcane 

190, 191, 192 

P. Stout 

Corn 

83, 84 

P. zeicola Ell. and Ev 

Com 

83 

Lepioaphaeria avenaria G. F. Weber — . , 

Oats, grasses 

113 

L. herpoirichoides De^N — 

Cereals 

215 

L. praterisis Bacc. and Briard 

Alfalfa, clover, 



etc. 

305, 306, 325 

L, salvinii Catt . , . 

Rice, grasses 

135, 136, 137 

O'phiobolm graminis Saee 

Cereals, grasses 

212, 213, 214, 263 

0. graminis var. aveuae Turner 

Oats, grasses 

214 

0. miyaheanus Ito and Kiiribay. See also 
CochlioholiLS niiyaheanm (Ito and 
Knribay.) Drechs 

Rice 

139 

0. Miyake 

Rice 

139 

0. oryzinm Sacc. . * 

Rice 

138, 139 
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ASCOMYCIETEB ■ 

Suscept 

Page 

Sphaeriales, PkmporaemBj Ophioimhm mtivm 



Ito and Kiiribay. See also Coehliobolm 



^sativm (Ito and Kuribay.) Drechs, .... 

Cereals, rice, , 



grasses 

40: ■■■ . 

0. setariae Ito and Kuribay. Bee also 
Cochlioholus ficMfiae (Ito and Kuri- 



bay.) Dre(‘hs 

Millets 

101 , 

Coehliobolm heterostrophm Dreehs. 

Corn 

85, 86, 87, 88, ,267' 

C. ndyabeanm (Ito and Kuribay.) Dreehs. 

Riecj 

138, 139, 140 

C. saiwus (Ito and Kuribay.) Dreehs. See 
aim Ophiobolus sativm Ito and Kuri- 



bay...' 

Cereals, grasses, 

40,41,216" 

(7. setariae (Ito and Kuribay.) Dreehs. See 
also Ophioholm setariae Ito and 



Kuribay 

€. stenospiliis (Carpenter) Matsu, and 

Millets 

10! 

Yamamoto 

Hugar<*ane 

192, 193 

C, tritid Dmi 

WiH‘at 

216 

Pyrenophora avenae Ito and Kuribay. ..... 

Oats 

in, 112 

P. hremi Died 

Bromm spp. 

264, 265 

P, graminea Ito and Kuribay. See also 



Helminthospormm grammeum Rab ..... 

Barley 

36 

P. teres (Died.) Dreehs 

Barley 

32, 33, 34 

P. irUid-repeniis Died 

. Grass(!s 

266 

Pleospora herharum (Fr.) Rab.. ......... .1 

Ch>ver, alfalfa 

321,322,325 

P. rehmiana Staritz 

driomoniaceae 

Liigimu^s 

302 

Glomerella glydnes Lehman and Wolf ..... 

SoylK‘ans 

334 

G. gossypii ]^]dg 

Vahaceae 

Cotton 

343, 344 

Diaporthe sojae Lehman . ................ 

Soyl>ea!is 

334,335 

Pezizales 

Helotiaceae 



Sderoiinia trif oliorwm JMks 

Mollisiaceae 

Clovers, et<‘. 

320, 321, 325 

Pseudopedza 7nedicaginis (Lib.) Saee 

Alfalfa 

307, 308, 325 

P. jonesii Mannf. See also Pyrenopeziza 



medicaginis Fckl 

Alfalfa 

:i07, 308, 325 

P. meliloii Syd 

Bw(K3tck>ver 

307, 308, 325 

P. trijolii (Biv.-Bern.) Fckl 

Ck)vc.‘r 

308, 325 

Pyrmopeziza medicaginis Fckl. See also 



Pseudopeziza jottedi Nannf 

Alfalfa 

308 
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BASIDIOMYCETES 

Suscepts 

Page 

Ustiiaginales 

Ustilaglnacem 



Ustilaqo acwtoa (Ule) Liro 

Agropyron and 
Elymus spp. 

276' 

C/. menae (Pers.) Kostr. 

[U, hrondvom (Tul.) Fisch de Wakih.] — 

Oats 

46, 51, 114, 115, 
116, 117, 118, 119 

U . hullnia V>vrk 

Grasses 

280 

{/. hullata Berk.. . , . 

Grasses 

279, 280 

U. cnmeri Koern 

Millet, grasses 

46, 102, 103 

U. echinata Sehroei. 

Reed canary 
grass 

276 

IL halophila Bpeg 

Disiichlis spp. 

278 

f/. hordei (PfTs.) Lagerh.. 

\U . hypodytcii (Schlecilit.) Fr.] ~ 

U. spegazzinii Ifirscdu, U. wilUaymii 
(Griff.) Lavrov, (/. halophila Speg., 

Barley 

46, 62, 53, 64, SS 

and U. rtunimiikiria Speg. 

(brasses 

277, 278 

U, kolleri Wille 

Oats 

46,54,115,116,117, 

118,1X9,121 

U. longusima (Schleeiit.) Meyen 

Glyceria spp. 

276 

{U AorenizianaTXmam) = U. hullata. 

Grassc^s 

280 

U. 7 naydiB (DC.) Oda 

(U, medians Bied.) = U, nigra Tapke and 

Corn 

46, 89, 90 

{7. nmh (Jeas.) llostr. . — 

Barley 

i 50, 51, 114 

U. mulfordiaua Ell. and Ev. 

Fescue spp. 

i 280 

U, neglecUt Xieasi 

Betarm spp. 

1 103 

U. nigra Tapke 

Barley 

1 46, 50, 51, 52, 53, 
j. '54,114 

. U, nnda (Jens.) Rostr — 

Barley 

1 45, 46, 47, 48, 49, 



222 

(7, nummidaria Speg 

Grasses 

278 

U, perennans Rostr 

Arrhenaiherum 

sp. 

114 

IJ, scitajniyiea Syd. | 

Sugarcane 

193 

U sitanii Ck W. Fisch 

Bitanion and 

280 


Hordeum spp. 

V. spegazzinii Hirsch 

U. spegazzinii var. agrestis (Syd.) 

Grasses 

277 

CL W. Fisch. and Hirsch 

Grasses 

277 „ 

{/. striiformis (West.) Xiessl - . . 

Grasses 

■274, 275, 276 

U. tritici (Pers.) Rostr 

Wheat 

46, 48, 161, 222, 223 

U. wilUanmii (CRiff.) Lavrov. . . . . ... , . . . 

Oryzopsis and 

278 

[DL zeae (Beck.) Ung.] = U, maydis (DC.) 

Btipa spp. 


Cda... 

Corn 1 

46, 89 

Sphacelotheca cruenta (Kuehn) A. A. Potter 

Sorghum 

46, 175, 176, 177 
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BASIDIOMYCETES 

Suscepts i 

■''Page 

Ustilagimiles, , Ustilaginaceaef ' . SpMcelotheca 
desiruens (Schlecht.) Bteveiison and 
A. G. Jolinson ........... . .... ; . . 

Pameurn spp. 

46, 102, 103 

S, reiliana (Kiiehn) Glint. 

Sorghum, corn 

46, 91, 92, 178 

iS. sorgki (Lk.) CHnt. 

Sorghum 

46, 176, 177, 178, 

Borosparium syntherismae (Pk.) FarL 

CenchniH and 

280 ' 


Panicnni spp. 

280 

Tolypos’ponwtn penidllariae Bref.. . ....... 

1\ ehrerihergii (Kuehn) Pat 

Uilhi 

Sorginiin 

102 

178 

Tilhiimem 

TilleMa asperifdia Ell. and Ev 

M uhlenhergia sp. 

28! 

T, c(mes (DC.) Tul 

Wheat 

■■ 46, 223, 225, 226, 

T, cerehrina Eli. and Ev 

DeBchaynpBui spp. 

228, 229, 281 

2S1 

T, corona Scribn 

Southern gra.s.se« 
ElymuB .sp. 

147 

T, elymi Diet, and Holw 

281 

T.foelida (Wallr.) Liro...... 

Wh<?at 

46, 2^3, 225, 226, 

T. fmca Ell. and Ev 

Fed am spp. 

228 ■ 

281 

T. guyotiana Harlot 

Bromm 

280 

T, hold (West.) Sehroet 

Holcm sp. 

281 

(T, horridaTsik.) >^Neotmsia horrida (Tak.) 
Padwick and AzmatuIIah Kahn 

Rice 

46, 147 

{T, lem Kuehn) ^T.foetida (Wallr.) Liro. 

Wheat spp. 

46, 226 

(T. iritid (Bjerk.) Winter) carieB 

(DC.) Tul 

Wh(?at 

46, 226 

Neotmsia horrida (Tak.) Padwick and 
AzmatuIIah Kahn 

Rice 

46, 146, 147 

N. indica (Mitra) Mund, (T. mdica Mitra) 

Wheat 

226 

Bntyloma crastophilum Sacc 

Grasses 

276 

E. irregulare Johans 

Paa spp. 

276 

E. lineatum (Cke.) J. J. Davis 

Wiki rice, rice ; 

46, 148, 276 

{E, orzyae Syd.). See also E. limaimn 
(Cke.) J. J. Davis 

Rice 

46, 148 

i 161, 229, 275, 276 

Urocystis agropyri (Preuss) Schrcxit 

Grass^is 

U. occidiu (Wallr.) Rab 

Rye 

' 46, 161, 162, 229, 

U. tritici Koern 

Vi'heat 

: 276 

46, 161, 229, 230, 

Uredinales 

MelampBoruceae 

Melarnpaora Uni (Pers.) L^v 

Flax 

231, 276 

363, 364 

Cerotelium desmiuni (Berk, and Br.) Arth. . 

Cotton 

351 

Pucdniaceae 

Uromyces nerviphilm (Grog.) Hotson ..... 

Clover 

325, 326 

IL striatm Sehroet 

Legumes 

310, 325 

U. driatm medicaginis (Pass.) Arth 

Alfalfa 

■ ■■■ .1 

310 
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liASIDIOMVCOTES 

Suscepts 

Page 

UnHlinal<‘S, P}ivrinuwme^ UrmnycM Infolii 



fllcdw. f ) I/‘V * . . 

Clover 

324, 325 

trifdii JdUntH i Dt-siti.) Arth ... . . . . 

Red clover 

324 

U. t'ifolil hyhridi iW . li, Davisj Arth 

Alsike 

324 

V. trififlii irifdiii-re.peittiH (Liro) Arth,. .... 

White clover 

324 

iPuvdnid nnotmda !^>sfr,) hmki Otth, 

Barley 

57, S8 

P, i'mmntn C Ma 

(P, dinpcfsa hh'ik.-^. and K. H<*nn,) »» 

Oats, gnasses 

123, 124, 125, 126, 
127,128, 281,282, 
283,284 

P. rithitpi-'Pn’n f 1 H k) Wint. 

Rye, grasses 

164 

P. (jlumnrHm fStdim.] hjikn. and K. Hann. . 

Cereals, grasses 

57, 163, 238, 239, 
240, 281,282,283, 
285 

/k gramiiiU Pt‘rs. 

Cereals, grasses 

46,56,232,233,235, 

243,281,282,283, 

284 

P. (piwihiis, tigroHtitiiH !‘’.riks 

Grasses 

281, 282, 283 

/k gratniNts nvcfiat i%rikf^, atui K. Hirntu. . . 
P. gnunifik phU i-pmir.HHiH (I'k'iks. arul K. 

Oats, grasses 

119,120,121,282,283 

i!«‘nn.) HtakuiJUi atni iknniaisal 

Timothy, grasses 

281,282,283 

P. graminiH ptme. Mrik.s. and K. {hnui 

Poa spp., grasses 

281, 282, 283 

P, gniminh nmiUn Krikn, and K. Ilann.. . , 

Rye, grasses 

56, 163, 282, 283 

P, gmmijiu triiki Erik.s. and K. ilenn. . . 

Wheat, grasses 

56, 231, 232, 237, 
238, 240, 243, 

282,283 

P* kmiei Otih. /k mimnnh Hnstr,. , 

Barley 

57, 58 

P. mmituuetmh KIL 

Grasscis 

284 

P. J^rnt . 

Poa spp. 

284 

P, pdgmm rndarw. . 

Corn 

93 

P. purpurm C 'ka 

Sorglmm 

179 

P. r«W|/a-r#T« (IXk) Will!,. 

Cereals, grasses 

46,164,240,242,281, 

282,283,284 

P, ruUgihrmi mmlis (Kriks.) CJarlaton . . . . 
P. rulHgfMftm tfiiiH (Kriks. and E. Harm,) 

Rye, grasses 

163,164 

(kiriaiim , . . . , 

■ Wheat, grasses 

57, •241, 242, 243' 

ik m^rghi Salnv 

Corn 

92,93 

P. Hidkmami PraKlay - . 

(P. iriikffm Krikn.) »» P. rMgo-vem 

Cotton, grasses 

350 

tnilri fKrik.H, and K. Hanm) Carleton.. 

Wheat, grasses 

242 

AuffiopHtmt tmr .Mains 

A(;T()HA8IJ)I0MYCETKS 

Corn 

93 

Hypochumene 



Ihikdmmiium putpureum (Tul.) Pat.. . 
{Mpptwhnm mmaUi Shirai) * Corticium 

Clover 

310 

mmikii (BMrai) T. Matsuai. - 

, Rice 

146 
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A:eTOBASIDIOMy OETES ■ ■ 

Suscepts' 

Page 

Urcdinalcs, Thelephoraceae 

Corticiuvi sasnkii (Hliirai) T. Mateum. , . . . 

Rice/''.' 

"146 ■ '■ 

C. solani (l,*rii}. arai Del.) Bourd. and Gab. 

General 

i4S, 146, 220 

(C. vagum Berk, and Curt.) — C. solani 
(Prill, and Del.) Board, and Galz — . . 

General 

14S, 146, 384 

Pellicalaria fikmientosa Rogerg, 

See also Rhizoctonia sokm i Kueiin. ..... 

General 

145, 140, 220, 384 

Typhula graminum Karst., 

Gnisses 

222 

T* idahoensis Rcnnsherg. ................ 

C(*reals, grasses 

221 

T. iioana Tmai 

Gertails, grasst's 

221,273'. 

'f. irifoln Ro.str 

Lt^giunes 

32i 

FUNGI IMPEIilG'Crri 
Sphaeropsidales 

Spkaeri oi da ('.car 

Phonni Unicola Bub 

' 

Flax ^ 

350 

(F. linicola Naum.) ~ P, lirdcola Bub., . , 

Flax 

359 

(P, Unicola Marcdt. and Verpl.) ~ 

P. linicola Ibib 

Flax 

350 

P. medicaginis Malbr. and Roum. — 
Ascochyia imperfecta Pk. 

Alfalfa 

302 

P, tr if alii E. M. Johnson and Valleau. . . . 

< 'lover 

301, 302, 303, 318, 

Macro’phoyna zeae Tehon and Daniels, 

Se<‘ also Physalospora zeae Stout . 

Corn 

00 

Macrophomina phascoli (Maubl.) Ashby. 
See also Scleroiium bataticola Taub, , . . . . 

Geiu'ral 

174,337 

Plenodonms meliloti Mark .-Let. .......... 

Sweetelover 

300 

Ascochi/fa agropyrma (Fairin.) Trott. . . . . . 

Gra.sseg 

270 

A. caulicola Laub 

Sw(K‘tehjver 

303, 325 

A. graminicola Bacc 

A. imperfecta Pk 

Grasse.s 

Alfalfa 

270 

301, 302, 325 

A, linicola Naum, and Wass.. . .......... 

Flax 

350 

[A. meliloti (Trel.) J. J. Davis] = 

Mycospkaerella lethalis SUme , . , ...... 

Sweetelover 

303 

(A . melUoHT rusova h as priori tyover above) 


303 

{Diplodia frmnenii Ell. and Ev.) «= 



Physalospora zdcolu YAl* and Ev,. . . . . . 

Corn, general 

33 

I), macrospora Earle ................... 

Corn 

80,83 

\1), 'maydis (Berk.) Saec.] = D. zeae 
(Sehw.) L6v 

Corn 

80 , 81 

D. zeae (Schw.) L6v. .... ■. . . ■, 

Ckjrn 

80 , 81 , 82 

8tagonospoTa arenaria Saee. , » , . . , . . . , . . . 

Grasses 

271 

[;S. meliloti (Laseh.) Petr.] « 

Leptosphaeria praiensis Sace. and Briard . 

Bw’eetclover 

306 

Wojnowicm grarnirds (MeAip.) Sacc. and 



D. Sacc 

Cereals 

214 

Belemphoma hromigena (Sacc.) Sprague 
and A. G. Johnson ... .............. . 

Bromm spp. 

271, 272, 273 
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, - FUNCU" IMPEIIFECTI ■ 

Suscepts 

■ Eage " ' 

Spbaf^ropsi(la!(‘S, ^phnerioidaceae, Selenophoma 
do/tocis (i^ass.) Sprague and A. G. 



JohriHon 

Grasses 

273 

(Septoria avenae Frank) = Leptosphaeria 



mmiaria G. F. Weber 

Oats, grasses 

113 

8. brand Sacc 

Bromm spp. 

271,272 

S. elynd Kll. and Ev 

Elyrnm and Ag^ 



Topynm spp. 

272 

8. qhjcmeH 

Soybeans 

336 

8. injumms (I'.'ll. and Ev.) Sprague 

Elymus spp. 

273 

jaculella SpragU(i 

Bromus spp. 

271 

8. macrapoda i^ass. 

Poa spp. 

272 

8, nadorutn Berk 

Wheat, grasses 

45, 217, 218, 219, 

8. 0 ltd (miav fill Sa(;e 

Poa spp. 

220 
: 272 

8, pacljica Sprague 

Elynms 7nollis 



Trin. 

273 

8. pdsseriiin Sacc 

Barley, grasses 

44, 4S, 271 

8. smlis Prill, and Del 

Rye, grasses 

159, 160 

8. aecalis var. stipne Sprague 

Agrostis and 



Stipa spp. 

271 

8, sojae Syd. and Butl 

Soybeans 

336 

8, sojma Thuem 

Soybeans 

336 

8. iritici Rob 

Wheat, oats, 



grasses 

217, 218, 219, 220, 

8, triad f. averme (Desm.) Sprague 

Oats 

271 

113, 271 

8. tritid f. hold Spragm^ . 

Holcus lanat'm L. 

271 

8, triad var. lolicola Sf>ragiie and A. G, 



Johnson 

Lolium spp. 

271 

Melaneoniales 

Melanconiaceae 



Gloeosporiu?n Uni Wcsterdijk 

Flax 

361 

Pohjiipom Uni Laff 

Flax 

359,360,361 

Kuhati(dl(i cjiulivora (Kireh.) Karafc, . . . . . . 

Clover 

323, 324, 325 

Colletotrichum. dedrudivum O'Gara. . . . . . . 

Clover 

324 , 

{€, fakatum Went.) = Physalospora 



tuctimanends Speg 

Sugarcane 

190,1.91, '192 „ ^ 

C. granimicolum (Ces.) G. W. Wils. . , . . . . 

Cereals, grasses 

44, 113, 158, 159, 

(C. lineola Cda.) == C. gra7nmicolum (Oes.) 


172, 173, 191, 

192, 324 

G. W. Wils 

Sorghum 

172, 191, 192 

C. linicohmi Pethyh. and Laff. . . . . . . . . , . 

Flax 

360, 361 

C. trifolii Bain and Essary ...... 

Clover 

322, 325 
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FUNGI IMPERFECTI 

SusceptS' 

Page , 

Moniliales . 

. Monilmceae 

Phymaiotrichmn omnivoruni (Shear) Dugg,. 

General 

310, 321, 337, 347, 

VerUdlliu?n albo-aimm Reinke and Berth.. 

Cotton, gr^neral 

348 

347. 

F. duhliae Kleb 

Cotton, g(‘n<irai 

347" 

Spicaria elegam (Cda.) Harjs. 

Sorghum 

175 

Ehynchmporiwn orthmponm Coldwell , . . . 

Gras.ses 

42, 43, 269 

E.'McaUs (Oud.) J. J. Davis 

Barley, rye, 


• 


42, 43, 44, 159, 268 

MmtigoHporium. album Riess 

GrjiHses 

26!) 

268 

var. cnlvnm E!L and Davis 

GrasstNs 

2m 

M. cylindricum Sprague 

Griis.ses 

2m 

M, rahrlcosum (D(?am, and Barth . ) Sprague. 

C3rriiss(.?.s 

2m 

Piriculana ary zae Cav 

Rice 

141, 142 

Cercosporelh herpotrichoides Fron 

Cereals 

2in 

Dematiaceae 

Thielatnopsu hasicola (Berk, and Br.) Ferr. . 

ToV>aeco, flax, 



general 

357, 382, 383 

Nigrospora oryzne (Berk, and Br.) Fetch, . 

Corn, ri(a* 

84 

N sacchari (Speg,) Mason 

Cora, .sugarcane 

84 

N, sphaerica (Saec.) Mason 

Corn, barley 

84, 85 

Bcolecotrichum grammis Fckl 

Grasse.s 

259, 270 

S. gramirm avenae Eriks 

{Hebninihosporium avenae Eidam) « 
Pyre7iophora aveyine I to and Kuribay,. . . 

Oats, grasM 

Oats 

,113 

in, 112 

H, Mcolor Jvlitra 

Whtiat 

210 

{H. hr ami Died.) =» Pyrenophora hromi Died. 

Bramm spp. 

204 

H. calif or nicum Mackie and Paxton 

liariey 

42 

H. carbonum Uiistmp 

Corn 

85, 86, 87, 88 ■■■", 

H. cynadouth Marig ' 

Grasses 

266 

H. diciyoides Dreehs 

Festuca sp. 

265,267 

H. eryihroepilutn Dreehs 

Agrodis spp. 

266 

H. gigantemn Heaid and Wolf 

Graases 

266 

E. granmmmi Rab. See Pyrenophora 
graminea Ito and Kuribay 

Barley 

34, 35, 36 

H. kalodes var. Critici Mitra 


216 

H, leucostylum Dreehs, 

Millet, grasses 

101 

{H.maydis Nishikado and Miyake) = 
Cochliobolm heterostropvs Dreehs 

Corn 

a5, 86, 87, 88 

H, miyakei Nishikado 

Eragroatis sp. 

267 

H. monoceras Dreehs 

Echinochloa sp. 

101 

H, nodulomm (Berk, and Curt.) Sacc 

Millet, grasses 

101 

H. oryzae Breda de Haan. See also Coc)^ 
lioholuB miyaheanm (Ito md Kuribay.) 
Dreehs 

Rice 

138, 139, 140, 141 
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FUNGI IMPERFECTI 

Suscepts 

'Page : 

Monilialt's, Demaliacme^ Helm/inthoaporium 
pa nici-nviliacei Nishikado, . 

Millet 

101 

H. pedicellatam Henry. . 

Wheat 

217 

H. pone Baudyfs 

Poa sp. 

264 

E. ravenelii Curt 

Grasses 

267 

E. sacchari (Breda de iiaan) Butl 

Sugarcane 

192,193 

B. saiwum Pam., King, and Bakke. See 
also Cochlioholus sativus (Ito and 
Kuril )uy.) Drechs. 

Cereals, grasses 

37, 39, 40, 41, 42, 

selariae Saw. See also Cochlioholus 
setariae (Ito and Kiiribay-) Drechs.. . . 

Setaria spp. 

113, 139, 140, 

199, 202, 215, 
216, 217, 264 

101 

E. siccans Drechs 

Lolium spp. 

266 

(//. sigmoideum Cav.) = Leptosphaeria 
salvinii Catt. 

Rice 

137 

//. sigmoideum var. irregulare Cralley and ' 
Tullis 

Rice 

137, 138 

E. stenacrurn Drechs 

Agrostis spp. 

266 

{//. sienospilum Drechs.) = Cochlioholus 
stems pilus (Carpenter) Matsu, and 
Yamomata 

Sugarcane 

192, 193 

(//. tej'es Sacc.) = Pyrenophora teres 
(Died.) Drechs 

■ 

Barley 

32 

(//. tetramera McK.) = Curvularia 
spedfera (Bainier) Boed 

Wheat 

217 

//. triseptaium Drechs 

Agrostis spp., 



grasses 

266 

(//. trltici-repeniis Died.) = Pyrenophora 
tritici-repeniis Died 

Agropyron and 



Elyrnus spp. 

266 

H. tritid-vulgaris Nishikado 

Wheat 

217 

E. (urcicmn Pass 

Corn, Sudan 



grass 

85, 86, 87, 88, 172, 

E. vagans Drechs 

Poa sp. 

173, 267 

264, 265 

E. victoriae Meehan and Murphy. ....... 

Oats, grasses 

113, 128 

E. yamadai Nishikado . . . 

Millet 

101 

//. zeicola Stout 

Corn 

88 

Curvularia geniculata (Tracy and Earle) 
BckmI 

Grasses 

267 

C. luriaia (Wakk.) Boed 

Wheat 

141 

C. ramosa (Bainier) Boed 

Wheat 

217 

C. spedfera (Bainier) Boed 

Wheat 

217 

{Stemphylimnhotryosum = 

Pleospora herharv/m (BY.) Rab. . . , . . . , . . 

Alfalfa, clover 

321, 322, 325 
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FUNGI IMPEEFECTI ' ; 

Busct^pts 

Page 

MonilialcK, Der^mtiaeme, Stempkylk^^^ 



mrcitKwJorme (Cav.) Wiltshire. 

Th‘d elf?ver 

321,322,325 

Alitninria tcnuiH Nees. I 

Tobacco 

3S() 

Cercospora daizu Miura i 

Soybean.s 

335 336 

(C. dcwmi IJll. and Kv.) =s 



Mycotiphaerella daMBii F. IL Jones. ... 

Sweet dov(^r 

304 

C, grandnicola Traciy and Earle . 

. Gnisse.s 

20i> 

C. mMoti Olid. See Cercospora daimii 
Ell. and Ev 

Sweid'clover 

. .. ■ ■ . . , . ■ . . ; 

304 

C, nicotiuNae KIL and Ev i 

'][\>l)acco 

382 

C. ovyzae Miyakii. ^ 


142, 143 ■■■ 

C. Horghi Ell. an<l Ev. . i 

Sorghum 

174 

C. zchiina Pass. ; 

Alfalht, clovei’s 

303,304,325 

Cercoaporina kituchii Matsu, and Tonio- 
yasu (Transfer to Cercoapora sujj;g(‘sted 
by Chup{>) 

Boybt'ans 

336 

T'id)erctilmiace{ie 



CylitidrocMrpon chrenhergi Wr 

Alfalfa, cioviT 

300 

C, obinsifiponim. (Cke. and Hark.) \Vr.. . . 

Alfalfa, (‘lovi.T 


Fiiii<inum (uiltroBporoideB Bherb. 

Alfalfa, <dover 

309 . . ■ 

F. avertac.eufn (Fr.) Sacc. 

CertMiis, general 

20, 30, 209, 309 

F. culmorum (W. 0. Sm.) Sacc.. 

C(!reals, genm'al 

30, 209, 212, 216, 

i 

F. culmorum var. cereale (Cke.) Wr.. , .... 

Cereals, gi^neral 

263, 309 * 

200 

(F. gramiuearum Bchwabe) « Gibberella 



zeac (Hchvr.) Fetch. , 

Cereals, graases 

70, 207 

(F. moniliforme ^hdd(m) » GMereUa 
fujikuroi (Saw.) Wr.. 1 

Corn, general 

78, 175, 190, 345 

(F. Vioniliforme var. subglutinttm 'WT. and 
Keinking) — Gibberella fujikimd var. 


mihglulinmiB bid wards. ^ 

Corn, gt?neral j 

80 

[F. nmde (Fr.) Ces.l — Calonecfria 

grammicola (Berk, and Br.) Wr,. . . . . . 

■ i 

Ck^rc^als, grassi^s 

211, 262 

(F. nivale var. 7najus Wr.) =» Cahnecina 
gramifncola var. neglecta Krampe, .... 

Cereals, gras«‘.s ! 

211 

F. oxyaporum Bchlecht 

Plant wilts 

346 

F. ox2j8ponmi f. Ivni (Bolley) Snyder and 
Hansen 

; Flax 

361, 362 

F. oxysporum f. medicaginis (Weiraer) 
Snyder and Hansen 

Alfalfa 

309 

F, oxyapormn f, nic(Mmme (J. Johnson) 
Snyder and Hansen 

Toliaeco 

380 

F. oxysporum f. tracheiphilum (E. F. Sm.) 
Snyder and Hansen 

Soylxmns 

335 

F. oxysporum f. vadtrfedum (Atk.) Snyder 
and Hansen 

Cotton 

346, 346 
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FlLNCa i'xMFEIiFECTI 

Suscepts 

Page 

]\!onilial(*s, Tiiherculariacme, Fusarium poae 
(Pk.) \Vr 

Cereals, grasses 

S09 . ^ . 

F. roHeiim (Lk.) Snydor and Hansen and 
■Jornia cereaUn as iis{al by Snyder and 
][anscn (wheat, 1945) 

Cereals 

210 

F. sclrpi var. ncuniinaium, (EU. and Ev.) 
\Vr 

Alfalfa, clover 

309 

OUmci'rcmpora aorghi D, Bain and Edg. . . . 

Sorghum, corn 

172, 174 

Ha midis porn wrghi (Ell. and Kv.) Clive 
and L(,4’(4)vr(‘ 

Sorghum 

174 

xMYC.ELTA-STERILIA 

Suscepts 

Page 

Mycelia-slerilia 

lihizociotda bainiicohi (Taiib.) Butl. See 
akse roil tun htthdlcola Taub. ....... 

General 

174 

R, crocorum Fr. S(^e also Iltiicobasidium 

purpurcum (Tub) Pat 

R. on/zae Rvker and Cooeh 

Alfalfa, clover 
Rice 

310 

144, 145 

R. soldtii Ku(din. Bee also PelUculana 
Jllamvidosa (Pat.) Rogers {Cortimm 
vaguni Btn-k. and Curt.) 

General 

145, 220, 273, 310, 

R, violacea Tub St^e also 

Hdicohasidium purpumim (Tub) Pat. . 

Alfalfa, clover 

337, 349, 384 

310 

E. mre Voorhees. 

Corn, rice 

89, 146 

Bclerotiuni hataticola Taub. See also 
Macmphomina phasaoli (Alauhb) Ashby. 

General 

174, 321, 337, 384 

(8. oryzae Catt.) — Leptosphaeria sahinii 
Catt..;. ... 

Rice 

136, 137 

S. rolfsii Suee 

General 

222, 321, 336, 384 
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A 

AceratagalUa BanguinrAentaj 310 
Aconit’imij aecial host, 284 
Aciiwa^ aecial host, 284 
Aegilops spp., 11)8, 282 
ventricosa, 224, 

Agropyron mniwn^ 54 
'crkiatum, 54, 224, 274, 277, 278 
ehngaium., 277 
paudjlarunij 279 
repens, 256, 266 

spp., 108, 152, 156, 198, 256-260, 266, 
272, 274, 276, 282, 284 
B'iA)semmduni, 224 
trachycaulum, 224 
trichophorum, 277 
Agrmtis giganiea, 260, 266, 274 
palmtris, 274 

spp., 259, 266, 268, 271, 274, 282 
tenuis, 274 

Alfalfa (see Medicago) 

Alfalfa chromosomes, 280 
Alfalfa disease resistance, 297, 308, 311 
Alfalfa diseases, 289-311 
antluracnose, 322, 324, 325 
bacterial stem blight, 297, 325 
bacterial wilt, 291, 295, 296, 297, 325 
black stem, 301, 302, 303 
spring, 301, 302, 303, 325 
summer, 303, 304, 305, 325 
boron deficiency, 293 
cold injury, 290 

common leaf spot, 307, 308, 325 
crown rot, 305, 309, 326 
crown wart, 297, 298, 299, 325 
damping-off, 299 

downy mildew, 299, 300, 301, 325 

dwarf, 295, 325 

dwarfing in, 293 

Fusarium wilt, 309, 310 

heat and drought injury, 294 

insect injury, 11, 293 

leaf discoloration, 293 


Alfalfa diseases, leaf hopper injury, 11, 293 
leaf spots, 304, 305, 306, 326 
summer, 303, 325 
mineral deficiencies, 293, 315 
mosaics, 294, 295, 326 
Pseudopeziza leaf spots, 307, 308, 325 
Pseudoplea leaf spot, 319, 325 
Pythium root rot, 299, 325 
Rhizoctonia root rot, 310, 325 
root rots, 305, 309, 310, 325 
rootlet rots, 299 
rust, 310, 325 
Sclerotium blight, 310 
Stemphylium leaf spot, 321, 322, 325 
table of, 325 
viruses, 294 

winter injury, 10, 290, 292 
witches’ broom, 11, 294, 325 
yellow leaf blotch, 308, 309, 325 
yellowing, 293, 294 
Alfalfa varieties, 297, 311 
Ladak, 311 
Turkestan, 297, 311 
Alopecurus fulvus, 134 
spp., 75, 269, 282 
Alsike clover (see Clover) 

AUernaria spp,, 167, 199 
tenuis, 380 

Aluminum, excesses in, 66 
Ammophila'arenaria, 282 
sp., 278 

Anatomy, of Gramineac^, caryopsis, 5 
crown, 7 
kernel, 5 

relation of, to disease, 4 
root, 7 

seedling, 5, 70 
of Leguminosae, 9 
relation of, to disease, 9 
root, 10 
seed, 9 
seedling, 10 

of other crop plants, II 
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Anchma^ aecial host, 16S, 2S4 
AndTOpogon mMralm, 75 
spp., 75,,'282 ' ,■ ■ ■ 

aecial host, 284- 
Angiopsora zeae, 9^ 

fiagular leaf spot, of cotton, 341, 342, 343 
of, tobacco, 375, 376 
Anthoxanihumj spp., 282 
A.nthracnose, of barley, 44 
of cereals, 44, 113, IS8, 192, 217 
of clover, 322, 323-325 
of cotton, 343-345 
of flax, 360, 361 

of gnisses/4,4, 158, 172, 192,267 
of Joluison grass, 172, 190 
of oats, 113, 159 
of rye, 158 
of sorghum, 172, 190 
of soybean, 334 
of Sudan grass, 172, 173, 190 
of sugarcane, 190 
of wheat, 158, 217 
ALphid injury of plants, 11, 293, 329 
Aphid vectors, 66, 67, 182, 184, 294, 316, 
329, 341, 370, 372 
Aphis, rmiidis, 66, 182, 184 
spp., 66, 184 

Macrosiphum pisi, 294, 316 
solanifolii, 372 
Myzius convolvuli, 329 
persicae, 329 
spp., 372 

Aplanohacter (see Corynehacterium) 
Aguilegia, aecial host, 284 
Arasan seed tniatnumt, 71, 350, 357 
Arctagrosiis htifolia, 282 
Arrhenathenmi elatim, 282 
spp., Ill, 156 
Ascochyta agropyrina, 270 
caulicola, 303, 325 
graminicola, 270 
imperfecta, 301, 302, 326 
linicola, 359 

'meliloti, ” Mycosphaerella leihalis, 303 
spp., 269, 271 

Ascochyta leaf spot, grasses, 269 
Aspergillus spp , 74, 345 
Asterocystis radicis, ~ Olpidium brassicae^ 
357 

Astragalus sinicus, 134 
Avena hrems, 117 
buzantim, 105, 126, 127 


Avena fatim, 105 
Wide/, 105 

one/ifolw, 105, 126,. 127 
sativa, 105 

spp., 75, 108, ill,. 118, 120, 122, 256, 
259,282 
sterilis, 105 
strigosa, 126, 127 

B ' 

Bacillus fiaviduM, 190 
sorgki, 168 

Bacteria, chissifieutiori of, 22 
nomcaiclat ure <.)f, 22 

Bacterial blight, of Agropy ron,2S6, 257, 258 
of alfalfa, 297 
of barley, 21, 110 
of Bromus, 256, 257 
of cereals, 2!, lOS, 110, 151, 201, 202 
of clover, 317 
of corn, 70, 188 
of cotton, 341, 342, 343 
Bacterial bliglit, of grasses, 2 1 , 201, 256-258 
of Johnson grass, 168, 188, 189, 258 
of millets, 99 
of oats, 108, 110 
of rice, 134 
of rye, 151 

of sorghum, 70, 168, 169, 188, 189, 258 
of soybean, 331, 332 
of Sudan grass, 168, 188 
of sugarcane, 188, 189 
of timothy, 257, 258 
of tobacco, 374-376 
of wheat, 134, 201, 202 
Bacterial disease types, 21, 109 
Bacterial pustule of s()ylH‘an, 331, 332 
Ba(‘terial stom blight of alfalfa, 297, 325 
Bacterial streak, of sorghum, 168, 160, 258 
of sugar cane, 189, 258 
Bacterial stripf% of Agropyron, 256-258 
of Bromus, 256, 257 
of gr^isses, 256-258 
of millets, 99 
of oats, 110 

of sorghum, 168, 169, 258 
of sugarcane, 188, 258 
Bacterial wilt, of alfalfa, 11, 291, 295, 296, 
297, 325 

of corn, 67, 68, 69 
of sugarcane, 69, 186, 187 
of tobacco, 373, 374 
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Bacterium agropyr% 258 
andropogoni = Pmidomoms andropogoni, 
1(38 

pat lid j 91 ) 

rubriHuhalldaitii^ylSd 
steimrtii^ (37, 1>8, 69 

(See also Coryriebacterimn, Pseudo- 
m.onm., X anthomxmas) 

Bakanae distais(! of rice, 135 
Ikirley, anatomy of plant, 4, 19 
blighted, F(Kk‘ral gradtjs, 30 
Bark^y ehroiuosomes, 19 
Barl(*y diHi‘aK(} loss(‘.s in U. S., 20 
Bai'ley disease resistance, 28, 31, 37, 42, 
44, 50, 54, 56-58 
]3arl(\y distaises, 19-58, 105 
antiiracaiose, 44, 158-159 
bacterial blight, 21, 110, 151 
black s<‘nulooHe smut, 46, 51, 52, 114 
boron deficiency, 21 
brown spot, 21 
<u.)pp(!r deficienc^y, 21 
(tovertid smut, 46, 52, 54, 118 
ergot, 32, 152 
false stripe, 21 

Fusariuni blight, 28, 74, 135, 206 
head blight, 28-30, 40, 74 
Helminth osporium blight, 32, 34, 37 
int(‘rme<iiate loose smut, 51, 52 
leaf rust, 57 
leaf scald, 42, 269 
loose smut, 45, 46, 47, 48 
miiK^ral deficiency, 21, 106 
net blotch, 32, 33 
powdery mildew, 24, 25, 26, 27 
Ilhynchosporium scald, 42, 43, 44, 159, 
269 

rusty blotch, 42 
scab, 20, 28, 206 
seedling blight, 28, 30, 38, 74 
Septoria leaf blotch, 44, 45 
spot blotch, 32, 37, 39, 139, 215 
stem rust, 20, 50, 56, 57, 231, 240 
stripe, 20, 34 
stripe rust, 57, 238 
Barley varieties, Arlington, 28 
Black hull-less, 28 
Bolivia, 25, 28 
Calias, 58 
Chevalier, 24, 42 
Chevron, 25, 28, 31, 37, 50, 56 


Barley varieties, Cross, 31 
Dorsett, 50 
Excelsior, 54, 56 
Duplex, 28 
Glabron, 37, 54 
Goldfoil, 28 
Hanna, 44 

Hannchen, 37, 42, 54, 56 
Heils^ Hanna, 28 
Hilisa, 56 
Himalaya, 54, 56 
Jet, 50 
Juliaca, 58 
Kindred, 57 
Korsbyg, 31 
Lion, 37, 54, 56 
Lompoc, 54 
Lyallpur, 54, 56 
Manchurian, 25, 42, 50, 54 
Mars, 37, 57 
Mecknos-Moroc, 58 
Nepal, 28, 54, 56 
Newal, 37, 54 
Oderbrucker, 24, 25 
Odessa, 54, 56 
Orge, 58 

Otrada Beardless, 44 
Pannier, 54, 56 
Peatland, 31, 37, 42, 56 
Persicum, 54, 56 
Peruvian, 28, 58 
Quinn, 58 
Regal, 37 
Spartan, 37 
Svansota, 31, 42 
Trebi, 37, 50, 56 
Tregal, 50 
Vance, 37 
Velvon, 37 
Warrior, 50 

Wisconsin Barbless, 37, 54 
Basal glume rot of wheat, 202 
Basidiomycetes, root rots, 274, 310 
Beckmannia spp., 274, 282 
Bemisia gossypiperda = B. tabad^ 341 
tahad, 341 

Berheris fendlerif aecial host, 284 
spp., aecial hosts, 125, 232, 234, 236 
mdgariSj aecial host, 232, 233 
B&rchemia scandenSj 284 
Biotypes in fungus specialization, 50, 237, 
238 
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Blackcliaff of wheat, 134, 201 : . 
..Black&e^of tobacex.),' 375, 376 ■ 

Black : loose smut of barley, 46, 50, 51 
. of grasses, 51 : 

of oats,;46,.51, 114, 118 ' 

Black night shade, downy mildew, 380 
Black point of grains, 40, 216 
Black root rot, 382, 383, 384 
Black shank of tobacco, 377, 378 
Black sheath rot of rice, 138 
Black stem rust (see Stem rust) 

Blast, of oats, 106 
of rice, 141, 142 

Blighted barley, Federal grad(?s, 30 
Blue mold of tobacco, 378, 379, 380 
Boll rots of cotton, 343, 345 
Boron deficiency diseases, of alfalfa, 293 
of barley, 21 
Bouielom spp., 2S2, 350 
Brachypodium distachyoni, 282 
Briza spp., 282 

Brome grass diseases, 255-"285 
bacterial blights, 108, 256, 257 
bends, 256 

brown Itjaf spot, 264, 265 
downy mildew, 75, 258 
ergot, 152, 259, 260, 261 
head smut, 278, 279, 280 
heritable leaf spots, 256 
kernel smut, 281 
leaf scald, 42, 268, 269 
leaf fleck, 269 
mosaic, 256 
rust, 281, 282 

Seienophoma blotch, 271, 272, 273 
Septoria blotch, 271, 272 
Bro?tms carinatus^ 279 
catharticmj 279, 280 
comniutatm^ 75 
hordeaceuSf 279 

imr7nu, 42, 156, 256, 257, 260, 261, 264, 
268, 269, 271, 273, 281 
polyanthm, 279 

spp., 75, 108, 152, 156, 256, 257, 271, 
272, 280, 282 

unioloideB ~ B, catharticmj 280 
vtdgariSj 269 

Broom corn (see Sorghum) 

Brown necrosis, Hope wheat, 201, 232, 238 
Brown root rot of tobacco, 369 
Brown spot of barley, 21 
Brown stem rot of soybean, 337 


Brown stripe of sugarcane, 192, 193 
Browning disease of flax, 359, 360 
Browming root rot of grasses and wheat, 
203,258 

Bnchloe dactylmdes, 282 
Bud blight of' soybean, 330, ''33,1 
Bunt, dwarf, 224, 226 
of grsmeSj 224, 281 
of rye, 46, 161 
of wheat, 46, 223, 225 


0 

Calafnagrostis spp., 260, 268, 269, 282 
Calammilfa ImigifoliUj 282 
Cahnectria graminicolaj 152, 210, 211, 262 
grammicoUi var. negleckij 21 1 
nivakj 212 

nivale f. graminicohj 212 
Cambium development in relation to 
disease, 291 

Cameocephala fulgukij 295 
trigutUddj 295 

Caryopsis, anatomy and disease, 5 .. 

Cassia lorn, cotton wilt, 346 • 

Catabrosa aquatmij 282 
Cell composition ami physiology, 13 
relation of, to dis<ais(.‘, 14 
to resistance, 14 

Ceil wall composition and maturity, 13 
relation of, to <]iHeiise, 13 
to resistance, 13 
Cenchrus spp., 280 
Cercospora daizUj 335, 336 
damsiij = Mycosphaerellu ilnnsvij 304 
grmninicola (see Scolecotriehum grami- 
rm)j 269 

melilatij see C. damsiij 304 
nicotianmj 382 
aryzaCj 142, 143 
sorghij 174 

zebrinuj 303, 304, 325 
Cercosporella herpotrichoideSj 215 
spp., 215 

Cercosporina kUaichii, 336 
Ceresan seed treatment (.see Mercury seed 
treatment) 

Ceroteliwn desmiwrij 351 
Cfmetochloa italica (see Setaria itolica) 
Charcoal rot, of corn, 174 
of sorghum, 174 
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Chloris eleganSj 75 
spp., 282 

Cblorosia, iioiiparasitic, 66, 167, 2.66 
relation of rust n^action, 121, 232, 237, 

■ 238 ■ 

GliIoroti<^ streak of sugarcane, 184, 185. 

186 

Choke of gras.s(‘,s, 262 
Chromosomes, of A vena spp., 106 
of Gotinypium spp., 340 
of Horde uni spp., 19 
of Linum spp., 356 
of M edict Kjo spp., 289, 311 
of Mdilotns spp., 290 
of Kicotiana spp., 368 
of Or?/zr/ spp., 133 
of Panicunt spp., t)9 
of Saccharum spp,, 182 
of spp., 151 
of Seian/i spp., 99 
of Soja spp., 329 
of Sorghum spp., 166 
of Trifolium spp., 315 
of Triticum spp., 197 
of Zea ?nays, 65 
Cimdiilma mbila^ 67, 184 
spp., 66, IH-l 
store yif 67, 184 
zeae^ 67, 184 
Cinna spp., 282 
Clnviceps microcephalay 260 
pas'imli^ 259 

purpurea^ 32, 135, 152, 153, 154, 155, 
157, 205, 259-261 
pusUh, 259 
spp., 259 

Clematis^ aedai host, 284 
Clover disease resistance, 317,. 321 
Clover diseases, 315 
anthraenose, 322, 323, 324 
bacterial blight, 317, 325 
cold injury, 290, 315 
common leaf spot, 307, 308, 325 
crown rot, 309, 

crown wart, 297, 298, 299, 325 
downy mildew, 299, 300, 325 
dwarfing, 293, 315 
Fusarium wilt, 309, 310 
insect injury, 11, 293, 315 
leaf spot, 305, 325 
mineral deficiency, 293, 315 
mosaics, 294, 295, 316, 325 


Clover diseases, northern anthracnose, 

323, 324, 325 
powdery mildew, 317, 325 
Pseudopeziza leaf spot, 307, 308, 325 
Pseudoplea leaf spot, 319, 325 
Pythium rot, 299, 325 
Rhizoctonia root rot, 310, 325 
rusts, 324, 326, 326 
Sclerotinia root rot, 320, 325 
sooty blotch, 318, 325 
southern anthracnose, 322, 323, 325 
spring black stem, 301, 302, 303, 318, 
325 

Stemphylium leaf spot, 321, 322 
summer black stem, 303, 304, 305, 325 
virus, 294, 316, 325 
winter injury, 290, 315 
yellows, 315 

Clover leaf hopper, 293, 316, 316 
Cobbs' bacterial wilt of sugarcane, 69, 
186, 187 

Cob rots of corn, 84 

Cochliobolm heterostrophusy 85-87, 88, 267 
miyaheanus^ 138, 139, 140 
miwm, 37, 39, 40, 41, 42, 113, 139, 140, 
199, 202, 215-217, 264 
setariae, 101 
stenospilm, 192, 193 
Wid, 216 

(See also Ophiobolus) 

Cold injury, of alfalfa, 290 
of clover, 290, 315 
of corn, 65 
of wheat, 199 
Coleoptiie, 7 

penetration of, by fungi, 7, 53, 55, 116 
relation of, to disease, 7 
Collenchyma tissues, 13 
relation of, to dise^ise, 13 
CoUetotrichum destructivunij 324 
falcaiwn ^ Physalospora tncnmanensia^ 
190, 191, 192 

graminicolum, 44, 113, 158, 159, 172, 
173, 191, 192, 324 

Uneola C, graminicolum^ 172, 191, 192 
Unicolumj 360, 361 
tnfom, 322, 325 

Common leaf spot of alfalfa, 307, 308 
Common tobacco mosaic, 370, 371, 372 
Contact infection, 9, 208, 210, 380 
Copper carbonate dust, 176, 227 
Copper deficiency, 21 



41G 


DISEASES OF FIELD CROPS 


; Corn, botanical varieties of,: 66 
nbroraosome number, 65' ■ 

GorU ' disease losses, 65 ■ 

Corn disease resistance, 67, 69, 88, 91 
Corn diseases, 65"“93 
bacterial blights, 70, 188 
bacterial Hoiciis spot, 169 
bacterial wilt, 67, 68, 69 
„ ' ."cliarcoal rot,' 174' 

■" ''.cob rot, 84, 85 ■ ; 

Cobbs’ disease, 69, 186 

cold injury, 65 

crazy top, 256 

Diplodia rots, 80, 81, 82 

downy mildews, 73, 74, 75, 171, 190 

drought, 66 

ear rots, 74, 76, 77, 80, 82, 84-86, 88 

frost injury, 66 

Fusarium rots, 74, 77-80, 210 

Gibberella rots, 74, 76, 79, 80, 135, 190 

Gloeocercospora leaf spot, 172 

head smut, 46, 91, 178 

Helminthosporium leaf blight, 85, 267 

Helmintbosporium leaf spots, 85, 86-88 

heritable leaf spot, 66 

high temperature, 66 

kernel mold, 74 

kernel rots, 74, 78, 85 

leaf rust, 92 

mosaics, 66, 182-184,256 
mineral deftciency, 66 
nonparasitic, 66 
Physoderma brown spot, 70 
Pythium root rot, 70, 72, 189 
Rhizoctonia rot, 88 
rusts, 92, 93 
scutelium rot, 74 

seedling blights, 70, 72, 74, 77, 80 

seedling injury, 70, 74 

smut, 8, 46, 89, 90, 91 

stalk rots, 74, 80, 84, 88 

Stewarts’ wilt, 67 

streak, 66 

stripe, 66 

virus, 66, 67, 182-185, 256 
Corn flea beetle, bacterial wilt, 69 
Corticium sasakii^ liQ 
solani, 145, 146, 220 
vagum ~ C, solani^ 145, 146, 384 
Corynebacterium irmdiosum^ 295, 296, 325 
rathayif 258 

Corymphorm canescenSj 282 


Cotton, American, 340, 341, 343, 346, 347, 

■ 350 

Asiatic, 340, 341, 343, 347, 350 
chromosome numb{‘r, 340 
Egyptian, 340, 346, 347 
wiki, 340, 342 
Cotton disease losses, 341 
Cotton disease resistance, 341, 343, 345- 
347,351 

Cotton diseases, 340 "351 
angular leaf spot, 341, 342, 343 
anthraenose, 343, 344, 345 
foaeterial blight, 341, 342, 343 
boll rots, 343, 345 

Fusarium wilt,, 340, 341, 345, 346, 347 
leaf curl, virus, 341 
leaf discoloration or rust, 341 
mineral defkiency, 341 
mosaic, 341 

Phymatotrichum root rot, 347, 348, 349 

Rhizoctonia rot, 349, 350 

rusts, 350, 351 

seedling blight, 343, 345 

soreshin, 349, 350 

stem elongation, 340 

Verycillium wilt, 347 , 

virus, 341 

white fly, 341 

wilts, 340, 341, 347 

Cotyledons, relation of, to disease, 10, 334, 
335, 343, 345, 360 
Covered kernel smuts, 176, 177 
Covered smuts, of bark^y, 46, 54 , 118 
of gniss, 54 
of oats, 46, 54, 118 
Crown, anatomy of, 5, 7 
of GramiiKjae, 5-9 
relation of, to diseiise, 7 
root development from, 7 
winter injur>Mn, 7 
of Ix.^guminosae, 10 
structure and disease of, 10, 290, 291 
winter injury in, 10, 290, 291 
Crown rots, of alfalfa, 11, 305, 309 
of cereals, 30, 38, 206, 215 
of clover, 309, 320 
of grasses, 215, 264, 267 
of sorghums, 170 
of vsoybeans, 336 
of sweet clover, 309 
of wheat, 206, 210, 215 
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Crown rust, of grasses, 123,' 128, 282, 283, 
284 

of oats, 122, 123, 128, 284 
Crown wart, of alfalfa, .1,1, 297, 298 
of clovtT, 297, 298, 299 
Clihii of Crainiiuaie, 7 
Cuhu rot, of rice, 135, 136, 144 
of wheat, 212, 215 

Culm smut, of grasses, 46, 161, 220, 276, 
277 ' 

of (Huvals, 46, 161, 229, 276, 277 
Carvularia (jc/dculata^ 267 
lunatdj 141 
ran tom ^ 217 
spec if only 217 
spp., 217, 267 

Cuticle of plants, formation of, 12 
p<ui(4.ration of, hy fungi, 12, 27, 44, 234 
relation of, to <!is(‘as<‘, 12, 44 
rc4afi(}n of, to resistance*, 12 
Cylimlrocnrpon ehronhenjiy 309 
ohiUHiH pan u m , 301 ) 

Cylindnmporium iofiimarts « Bepiona in-- 
JuminSy 273 

Cymadoihea infoliiy 318, 325 
Cipnbopogon citratuSy 192 
Cynodon dartylof^, 282 
Cynosurm crutatuH, 282 


D 

Daciffiu gkmemta, 258, 260, 266, 270, 282 
spp., 256, 268, 269 
Da dylocteii ium aegyptiaemuy 2S2 
l>amag<‘d grain, Fed<a*al grades, 70, 199 
Dainping"ofT, influence of anatomy on, 10, 
70 

Danthorda spp., 282 
Del phacodcH siriaUdlufty 108, 134, 201 
Delphimuniy aerial iiost, 284 
Deltocephalus driatuSy 201 
Deachnwpma spp., 281, 282 
Diaparthe sojaCy Z34, S3S 
Digitarm mogninaliSy 142 
spp., 259 

IMphdia Jrumenti — Physnlospora zewokty 
83 

7mcrosporay 80, 83 
7naydiSf ~ /), zme^ 80, 81 

spp., 345 

80, 81, 82 


Diplodia, boll rot of cotton, 345 
ear rot of corn, 74,^ 80, 82 
seedling blight of corn, 80 
stalk rot of corn, 80 
Disease losses (see Crops) 

Disease resistance (see each crop) 

Distichlis spicata, 2S2 
spp., 278 

Doihidella^ trifolii = Cymadoihea tHfoUip 
318 

Downy mildew, of alfalfa, 299, 300, 301 
of black night shade, 380 . 
of clovers, 299, 300 
of corn, 73, 75, 171 
of grasses, 75, 204, 258 
of millets, 75,99, 100, 259 
ofoats, 75, no 
of rice, 75 

of Seiaria viridis, 75 
of soybean, 332, 333 
of sorghum, 75, 171 
of sugarcane, 75, 171, 190 
of tobacco, 378, 379, 380 
of w'heat, 75, 204 
Draectdacephala 7rdnerva, 295 
poi'toltty 184, 186 

Drought injury, 14, 66, 99, 106, 200, 294, 
329, 341 

Dwarf bunt of wdieat, 224, 226, 227, 229 
Dwarf disease, of alfalfa, 295 
of rice, 134 
of sugarcane, 186 


■ E ' 

Ear rots of corn, 74, 76, 80, 84, 86, 88 
Diplodia, 74, 80, 82 
Gibbereila, 74, 76, 78 
Helminthosporium, 86 
Nigrospora, 84, 85 
Rhizoctonia, 88 
Eckinochloa colonmUy 99 
crmgalliy 101, 282 
var. eduliSy 134 
frumentacea, 99 
Elaeagnm commutakiy 284 
Eletmne coracanay 99 
Elymm caimdensiSy 54, 279 
emdensatv^y 260 
giauciu% 54, 28.1 
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Ely ?nus mollis j 27Z 
, spp., ;357, 26% 272-277, 282, 284 
trUicoide.%2(yi} 

Emetic substances from, scabbed- grain,' 30, 
■"'■'.■152,206 

Eiidodermis, composition of, 13 
development of, 13 
relation of, to disease, 13 
Entyloma armtophilum, 276 
irregulare, 276 
lineatmif 46, 148, 276 
oryzae « E.. Imeatum, 46, 148 
Epichloe typhina^ 262 
Epicotyl devdopimnit and disease, 10 
Epidermal cells and disease, 12, 27, 317 
Epigeal and hypogeal seedling develop- 
ment, 10 
Equisetum, 75 
Eragrosiis aspera, 75 
pilosa^ 267 
app., 267, 282 
Erianihm maximum^ 75 
Ergot, of barley, 32, 152 
of durum wheat, 152, 205 
of grasses, 32, 152, 259, 260, 261 
of rye, 5, 32, 152 
of wheats, 32, 152, 205 
Ergot compounds, ergoeJarin, 152 
ergosteroi, 152 
ergoatetrine, 152 
ergotamin, 152 
ergotoxin, 152 

Ergot poisoning, 152, 153, 205, 259 
Ergot.y grain, Federal gra<ies, 152 
Erwinia fiatnda and pokkah-hong, 190 
Erysiphe cichoracearum, 357 
gra?ninis, 25, 26, 27, 46, 259 
var, avenae. 111 
hord&ij 26, 27, 28 
secalis, 151 
iritidf 205 

pohjgcmi, 317, 325, 334, 357 
Etch virus of tobacco, 373 
Bmhlama lururiam^ 75 
mexicana^ 75 
spp., 75 

Euphorbia cyparissiaSf aecial host, 310 
Eye spot, Helminthosporium, of grasses, 
192 

of sugarcane, 192 


False smut of rice, 135 
False stripe of barley, 21 
FeMuca elutior, 260, 265, 267, 270 
rubm^262 

spp., 259, 274, 280-282 ' 

Fiji disease, sugarcane, 186 
Flag smut, of grasses, 46, 220, 230, 275, 276 
of wheat, 46, 229, 230, 275, 276 
Flax, chn>mosome number, 355 
Flax disease resistan<*(‘, 359, 361, 363, 364 
Flax ^Iiseas(\s, 355-365 
finthra('nosc*, 360, 36ji 
browning, 359, 360 
Fusarium wilt, 355, 361, 362, 363 
heat <*aiik(*r, 355, 356 
pasmo, 355, 357, 358, 359 
powd(ay miid<.^w, 357 
Pyt hium vSeed nU and ro<)t rot, 357 
root rot, 357 
rust, 355, 363, 3r»4, 3t)5 
Seedling blight, 357 
stem break, 359, 3tK) 
wilt, 355, 361 
Flax varieties, Iiis<}n, 359 
Boml)ay, 364 
Buda, 35t), 361 

Iiulian t.ypes nos* 29 and 46, 364 

J. W. 8.,^ 364 

Kt)to, 359 

Ottawa, 770B, 364 

Punjab, 360, 361, 364 

Ek), 360 

Saginaw Bombay, Sdl 
Floral bnnds, nhition of, to clrstiase, 5, 49, 
116, 119,208 

relation of to fungicities, 5, 54, M6, 119 
Floral infection, ergt>t, 9, 150, 260 
scab, 9, 210 
smuts, 9, 49 
strifKi, 36 

Foot rot, of grasses, 152, 211, 212, 215, 262 

of rye, 152, 210 

of wheat, 152, 210, 212, 215, 262 
Formaldehyde seed tnaitments, 53, 55, 
101, 116, 258 

Frogeye leaf spot, of soytean, 335 
of tobacco, 382 

Frost injury, of alfalfa, 199, 290 
of cereals, 199 
of clover, 290, 315 
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Froflt injury, of corn, 65 
of whoat, 19{) 

Fun^uidos, II, 27, m), 382 
Fnsdriiini (uiftrasporoidi’s, 309 
airnacrani, 20, 30, 2()Q, 309 
mlmornm, 30, 200, 212, 216, 263, 309 
var, €ereak\ 209 

gnunvnditrmn -» Gihherdla ze4m^ 79, 207 
moml'tformr. — (dhlunrlla fujikuroif 78, 
80, 175, 190, 345 

var. Huhghitif/aHfi == (L ftijikumi var. 
80 

nmile - Githmrdria gramlnicoh, 211, 
2li2 

var. C, graminicola var. 

ueubtiad^^^ 
oitfHporum^ 346 
f. Ihn, 361, 362 

309 

nicotianni\ 3tS0 
track ei phi him, 335 
vmih fret urn, 345, 346 
pme, 309 
rmeum^ 2!0 
f. cereuiii^j 210 
mirjd var. muminntum, 309 
fipf)., 28, 74, 111, 135, 151, 152, 167, 170, 
176, 206, 212, 259, 263, 273, 341, 
346, 355 

F’lisariuin blight, of barky, 28 
fvroalH, 28, 1 1 1, 15! * 206, 263 
<jf rot I on, 345 
id corn, 74, 77, 210 
of flax, 361' 

of grjiKH4,.*s, 28, 206, 263 
of rive, 135 
of ryo, 28, 151, 206 
of w'jrglums, 170, 171, 175 
of soybean, 335 
of siiguiTaiie, 190 
of wheat, 28, 206, 216 
Fiisariuiii boii rot of cotton, 345 
FiiBuriiim rotrt rot, of alfalfa, 309, 310 
of c4over, 309 

FuHuriom scaalling blight, 77, 111, 206, 263 
Fusanum wilt of ulfulfa, 309 
of c4ovf‘r, 309 

of cotton, 340, 341, 345, 346, 347 
of flax, 355, 361, 362, 363 
of soylx^an, 335 

of tobacco, 346, 380, 381 


•■■■ G 

Gibberella ear rot, 74, 76, 78 
Gihherella fujikuroi, 74-78, 80, 135, 171, 
190, 345 

va.T, subglutinans, 77, 80, 190 
sauhineiii «= G, «eae, .28, 74 
spp., 74, 111, 151, 152, 206, 263 
zeae, 28-30, 74-77, 79, 135, 171, 207, 
210,263 

Gibberella seedling blight, 28, 79, 111, 171, 
206, 263 

Gloeocercospora sorghi, 172, 174 
leaf spot of corn, sugarcane, 172 
Gloesporium Uni, 361 
Glonierella glycines, 334 
gossyjni, 343, 344 
Glume rust (see Stripe rust) 

Glyceria spp., 75, 156, 260, 276, 282 
Glycine max (see Soja max), 329 
vssuriensis, 329 
Gossyjmim harhadense, 347 • 
spp., 340, 349 
sturtii, 340 
thurheri, 342 
Gras.s diseases, 255-285 
anthracnose, 44, 158, 172, 192, 267 
Ascochyta leaf spot, 269, 270 
bacterial blights, 21, 201, 256, 257, 258 
bacterial stripe, 256-258 
bends, 256 
black loose smut, 61 
black stem rust (see Stem rust) 
brown leaf spot, 267 
brown loose smut, 42, 280 
bro\^m stripe rust, 284, 285 
brown stripe smut, 276 
bunt, 224, 281 
choke, 262 

covered smut, 64, 118, 279 
crown, rot, 38, 212, 215, 263, 264, 266, 
267 

crown rust, 123, 125, 282, 283, 284 

culm smuts, 46, ' 161, 276-278 

downy mildews. 73-75, 99, 204, 258, 259 

Epiehloe head blight, 262 

ergot, 32, 152, 259, 260, 261 

flag smut, 46, 161, 229, 230, 275, 276 

foot rot, 152, 211, 212, 215, 262 

Fusanum blight, 28, 206, 263 

gray speck, 106 

head smuts, 103, 278, 279, 280 
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Grass diseases, Helmiiitliosporium blights, 
37, 101, 210, 264, 265-267 
Heliniiithosporiurn eye spot, 192 
h(‘ritu!>ie leaf spot, 256 
kernel sinuts, 103, 224, 280, 281 
leaf Idights, 215 

.leaf. rusts, 57, 163, 241, 243, 281, 2S3, 
284 

leaf scald, 42, 44, 268, 269 
leaf smuts, 274, 275, 276 
leaf si)ot smuts, 276 ■ 
loose smut, 45, 280 

Mastigosporiimi I(jaf fleck, 267, 268, 269 
mineral di'ficiiaicy, 106, 256 
mosaicjs, 66, 183, 200, 201, 256 
nonparasitic maladies, 256 
powdery mildew, 25, 205, 2S9 
Pythium root rot, 70, 203, 258 
Rhizoctonia blight, 220, 273 
Riuzoctoiiia crown-root rots, 220, 273 
Ehynchosporiurn scald, 42, 44, 159, 268, 
269 

rusts, 57, 122, 231, 233, 281-284, 285, 
350 

Sdorotium blight, 222 
Scolecotrichum spot, 113, 269, 270 
seedling blight, 38, 258, 263, 264 
Selenophoma leaf blotch, 271, 272, 273 
Septoria blotches, 44, 113, 159, 217, 
271, 272, 273 

snow mold, 152, 210, 262, 263, 273 
snow scald, 263, 273 
sooty spike, 267 
spot blotch, 264-267 
Stagonospora leaf spot, 271 
stalk smut, 276, 277, 278 
stem mst, 56, 120, 163, 231, 281, 282, 
283 

stinking smut, 224, 281 
streak, 66, 269 

stripe rust, 57, 238, 240, 282-285 
stripe smuts, 274, 275, 276 
Sudan (see Sudan grass) 
take-all, 212, 214, 263 
tar spot, 262 : ■ . 

Typhula blight, 221, 263, 273 
Typhula snow mold, 221, 222, 203, 273 
virus, 66, 183, 2CM3, 201, 256 
yellow strii)e rust, 285 
zonate eyespot, 266 
Gumming disease of sugarcane, 186 


H 

.Halo .blight of oats, 108 
Hayn/dilm PM . 
m lkmi, 243 

Head smuts, of corn, 46, 91, 178 
of .grasses, 103, 278, 279, 2^ 
of milled s, 46, 102, 103 
of rye, 161 

of sorgimns, 46, 91, 178 
Heat cankca’, 355, 356 
Heat scald, 66, 329, 36*1 
Hdicohmidiunt 'purpnrenm, 310 
Jlelmwthmponnm arcftne Pyn'Jiophom 
(ivetKte, 111, 112 
hi€olo)\ 216 

hroffd = Pyre.Nffphom bromi, 204 
cMifornieum, 42 
carboNum, 85 88 
cynodwitis, 266 
dictyoide,% 265, 267 
eryihrmpilufH, 266 
giganUnm, 266 

. grmnincum, sec I^yretmpfMru. graminm^ 

34, 35, 36 

hiilrnks var. itiiUd, 216 
leucodylum^ 101 

maydis ~ CocMitdmlm heler astro pirn, 
a5-88 

miyak€i\ 267 
monoemm^ 101 
nofhdosum, 101 

oryzm — Coddiohahm onyaheanm^ IZS- 
■ 14.1 

panicLmiliacei^ 101 
p&Mcelhdum ^ 2M 
UfXic, 264 
ravenelii, 267 
saccharic 192, 193 

satmim (s(h‘ also Coddfoholm s<d'ivm)^ 
37, 39, 40, 41, 42, 113, 139, 140, 199, 
202, 215-217, 264 
setanae (pav. C, sftarnw)^ 101 
siccam, 266 

sigmoid eu?n — Lepiosphoeria sahirdif 137 
var. irreguhrej 137, 138 
stenacrum, 266 

stenospilum = Cochlioholm sienospilm^ 

192, 193 

spp., 33, 36, 37, 42, 167, 215, 264, 266, 
267 

teres = Pyrenophora teres, 32 
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HehNinfh(hS(HtnmN Uintmem « Cunmlaria 
aprcifi^ra., 217 

irtHvptniutu, 2i\i\ 

In'f.iri-rrprNfis — !*yr(m.ophora triUci'^ 
Tt.prtdis^ 2<>(i 

i.rit>ri~ru!(j(iriy^, 217 

tumcnm] S5, 86, S7, 88, 172, 173, 267 

vaijafm^ 264, 265 

ri(:ioriai\ 113, 128 

yafNiuiui^ 161 

zekidn, 88 

Helniint,lios|H>num blight, of barley, 32, 
34,37 

of vevviih, 32, 34, 37, 85, 101, 111, 139, 
215 

of <-orn, 85, 86-*-8S 

of grasst‘s, 37, 101, 216, 264, 265-267 
of iriiiiets, 101 
of oatH, 111, 112, 113, 128 
of rice, 139, 142 
of sorghma, 172, 267 
of sudaiJ gras>j, 86, 172, 173 
of sugareaiie, 192 
of wheat, 38, 215, 216, 217 
HeUeham ddta^ alfalfa dwarf, 295 
Heymiica, aeeiol host, 284 
Heritabhi leaf blotches, hi <‘orn, 60 
in gr?'.i«s,'256" 
in c>at«, 106 
in Korgiuiin, 167, 256 
in whi^at, 2(K) 

ileiermkm nmrimi and wilt, 346 

HuTfM'hhk Hpp., 282 

Holcm lanntit^s, 266, 271, 281 
spp., 274, 2m 

* floieas spot, baet<^rial, of corn, 169 
of sorglnim, 169 
of Hiidun grass, 169 
Honicnm didichoft^ 10 
spofdaneumf 47 

spp., 21, 25, 45, 56, 57, 257, 271, 280, 283 
vuhjnre (.see Barkw), 19 
Host (.H(‘e botanit'al names of) 

Hot water tri^atnaait, of antbracnose, 
sugarcane, 192 
of browning flax, 360 
of ehlonitie Ktr(‘ak, 186 
of loose smuts, cereals, 50, 222 
of sereh, suganame, 186 
Hydrophyllum, aecial host, 284 
Hyoscyamm niger, downy mildew, 380 


^ypochnm filmnentosa « PeUicidaria fila- 
mmitosa^ 146 

^makii = Cortidum sasaM% 146 
Jfypocofeyl invasion by fungi, 71, 334, 343, 
349, 356 

%pogeal type seedling (see Epigeal) 
Dyntrix spp., 283 

I , 

^i^patiens, aecial host, 284 
^^^ieritance of factors, for resistance to, 
angular leaf spot of cotton, 343 
brown rust of bromes, 2 
bunt of wheat, 227 
Corn Ileimiiithosporium, 88 
Covered smut of cereals, 118 
flag smut, 231 
flax rust, 365 

J’usarium wilt, 2, 347, 363 
leaf rusts, 93, 243 
loose smuts, 50, 118 
triilo disease of sorghum, 171 
powdery mildew% 28, 205 
Uhynehosporiuni scald, 44 
dee Cercospora spot, 144 
dee Helminthosporium spot, 141 
spot blotch of barley, 42 
stem rust, 50, 123, 238 
stripe disease of barley, 37 
stripe rust, 2, 241 
tobacco mosaic, 372 
tobacco root rot, 384 

insect damage to plants, 7, 15, 41, 69, 110, 
189, 293, 315, 329, 340, 341, 345, 346, 
.374' 

in relation to diseases, 7, 41, 69, 110, 
189,345,374 

insect dissemination, of bacteria, 15, 69, 
110,187 
of fungi, 15, 154 

bisect transmission of virus, 66, 108, 134, 
: 182, 184, 186, '201, 294, 316, 329-331, 
341,370,372,373 

Insect "Vectors, aphids, 66, 67,. 182, 294, 
316, 329, 341, 370, 372 
leaf hoppers, 66, 67, 108, 134, 184, 186, 
201, 295, 316, 370 
(see Aphids and Leaf hopp(Ts) 
Intracellular inclusions, corn mosaic, 67 
rice dwarf, 134 

sugarcane chlorotic streak, 186 
6ji disease, 186 
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Ifitraedlular irieluBions, wheat mosaic, 201 
Iron excess injury, ,66 

Johnson: grass, diseases, ,166-179 
■■■anthracnose, 172, 190. 
bacte,rial blight, 168, 188, 189, 268 
Helminthosporium bliglit, 172, 267 
,; loose kernel smut, 175, 177 

■ K 

Kahatiella caulivora^ 323, 324. 326 
Kernel blights, 28, 31, 37, 41, 138, 139, 
151, 206, 207 
Kernel mold of corn, 74 
Kernel rots of corn, 74, 78, 85 
Kernel rot of rietj, 134, 135, 138, 139 
Kernel smuts, of cereals, 46, 102, 146, 147, 
161, 175-177, 223, 225 
of grasses, 103, 224, 280, 281 
of millets, 102 
of rice, 46, 146, 147 
of rye, 161 

of sorghums, 46, 175-178 
of wheat, 197, 223, 225 
Koeleria crisiataj 283 

L 

Lagurm ovaim, 283 
Lamarckia aurea, 283 
Leaf curl of cotton, 341 
Leaf hopper injury, 11, 293, 315, 329 
Leaf hopper vectors, AcemtugaUia Bangui’- 
nolentd, 316 

Carneocepkala fulgida^ 295 
iriguttata, 2t)3 
Cicadulina mlnla, 67, 184 
spp., 66, 184 
storeyi^ 67, 184 
zeae, 67, 184 

Delphacodes striatellmf 108, 134, 201 
DeUocephalus sinattiSj 201 
Draeculacephala miyierva^ 295 
portola^ IM, 

Helochara delta, 295 
Noekolla circellaia, 295 
confluem, 295 
gothica, 295 
hieroglyphica, 295 

Nephoteiiix apicali$ var. dneiicpBy 134 
Peregrinus Tnaidis, 66, 67, 184 


Lemf hopper vectors, Perhinsiella sac- 
charicida, 186 
vastatrix, 186 

Sea phyUyprus aadvs, 294, 295 
Leaf scald, parasilic, of l>ariey, 42, 269 
of grasses, 42, 268, 269 
of rye, 42, 159, 269 
of sugarcane, 187 

Leaf rust, of ceieais, 57, 92, 123, 163, 179, 
241 

of grasm^s, 57, 126, 163, 24.1, 243, 281-284 
Leaf smut, of grnss(‘s, 274, 275, 276 
of rice, 46, 148, 27(1 

spot, angular, in cotton, 341, 342, 343 
in tobacco, 375, 376 
Legumes, anatomy of, 9 
relation of, to iliseusti, 9 
root of, 10 
seed oi 9 
seedling of, 10 
Lepiochloa filtfarmis, 190 
Leptmphneria aveaaria, 1 13 
her pair ichoideii, 215 
pratemis, 305, 306, 325 
sahmm, 135, 136, 137 
sp{)., 219, 267 

Lignin formation, in walls, 7, 13 
r<4ation of, to discnisi^, 7 
Ijimnodea (irkaasnmi, 283 
Lmum nngmiifidimn, 355 
marginak, 358 
mucmmliwi, 359 
sp|)., 355, 363 
usitatissimuyyi, 355, 359 
LiUmperffimn, aecial host, 284 
Lolium yymUiJlorum, 224 
per cyme, 224 

spp., 75, 157, 257, 260, 266, 271, 274, 283 
Long smut, of millet, 102 
of sorghum, 178 

Loose kernel smut of sorghums, 46, 175, 
176 

Loo*se smut, 5, 45, 222, 280 
of barley, 45, 46, 47 
flower development in, 47 
inhictiem of, 47, 48, 222 
hot water treatment of, 50, 222 
linkage of, in resistance factors, 50 
resistance to, 50, 223 
of grasses, 45, 280 
of w’heat, 46, 222 
Lucerne (see Alfalfa) 
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Marrocdlyx, acicial iiost, 284 ; 

Macmphotiia zeae (soe l%ys(ilospora zeae) 
84 

Macrophondn/i phaseoli (see Sderotium 
iHttaticfda) 

A’facmsiphum. pisi, 294, 316 
.saiarnfoltij 372 

Alagnvswm dejidenqp 66, 368 
Mahonia spp. hosts, 232, 233 
'Maizo (s(a‘ (Jorn) 

Ara!iji:un(\s<^ {ioficitauty, in cereals, 106, 200 
in grass<‘s, 106 
in oats, 106) 

Marmmins spp. on su^?ar(*ane, 189 
Mmti(jo}ipariuni alhwNj 2()H 
var. talvum^ 26H 
cylindricjunj 268 
ruhricoHU-w , 268 

Mastigosponuiii ic‘a.f fleck, gimses, 267, 
268, 269 

Medicfigo falcfita^ 289, 311 
hiHpi(k\ 289 
ri£l/i€7ch!n, 310, 311 
289, 311 

spp., 289 . ■ ■ 

Milampmra h’rn\ 363, 364 
Melanism in Hope wheat, 201, 232, 238 
Miilm imperji’cia^ 284 
spp.; 283 

Mdihlmalha, 289, 308 
indica^ 290 
officinalu, 290 
spp., 289, 304 
Membranes, plant, 5, 10 
ciev(4opnient of, 5 

relation of, to dis<*ast^, 5, 27, 44, 234 
relation of, to resistance, 5 
Menajry secai tnailmtmt coinpoiuuis, 20, 
30, ‘ 37 , 42, 53, 55, 83, 101, 141, 172, 
176, 2ICI 212, 220, 221, 227, 258, 343, 
345, 350, 357, 366 
Micrmphaem a Ini, 317 
Afi<hlie lamella, relation of, to disease, 13, 
291 

Alildew, dowmy (see Downy mildew) 
powdc^ry (.see Pow<iery inildew') 

Milium. effusu?n, 283 
Millet chromosome number, 99 
Millet diseases, 99“~K)3 
bacterial blights, 99 


Millet diseases, downy iniHew, 75, 99, 
100, 259 

head smut, 46, 102, 103 
Helminthosporium spots, 101 
kernel smut, 102 
long smut, 102 
mosaics, 183 
Pythium root rot, 99 
virus, 183 

Milo disease of sorghums, 170 
Mineral deficiencies and disease, 159, 203, 
341, 347 

Mineral deficiencies and wilt, 341 
Mineral deficiency maladies, of alfalfa, 293 
of barley, 21, 106 
of clover, 293, 315 
of corn, 66 
of cotton, 341 
of grasses, 106, 256 
of oats, 106 
of rice, 134 
of soybean, 329 
of tobacco, 368 
of wheat, 106, 200 

Mineral excesses, 66, 107, 108, 142, 203 
Miscanthm japonicm, 75 
spp., 75 

Mitrula Bclerotiormfi, 321 
M olinia caendea, 2Sd 
Mosaic, of alfalfa, 294, 295, 325 
of clovers, 294, 316, 325 
of corn, 66, 183, 256 
of cotton, 341 

of grasses, 66, 183, 200, 201, 256 
of oats, 108, 200, 256 
of rice, 134 
of rye, 151 
of sorghum, 168, 183 
of soybean, 329 
of sugarcane, 182,183 
of sweetelover, 294, 295, 325 
of tobacco, 370-373 
of wheat, 200, 201 
MuMenbergia asperifoUa, 281 
spp., 283 

MycoBphaerella davisii, 303, 304, 325 
Uthd,%B, 301, 302, 303, 325 
Unicola, 359 
litwrum, 357, 358, 359 
MyosoHa, aecial host, 284 
Myzm convolvuli, 329 
pemcae, 329, 372 
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, H, 

Nematode injury, 189, 346 
Reokolla circellaki, 295 
: ■conflMem, 295 
gothica, 295 
Meroglyphica, 295 
Neomssia horrida^ 46, 146, 147 
iriMm^229 

NephoteMix apicalis va,r. BtrmteUus, 134 
Net blotch of barley, 32, 33 
Nicotiana digluta^ 372 
glutinosa, 372 
rnstica, 368 
spp., 373, 378 
iohacunif 368 

Nigrospora cob and stalk rot, 84, 85 
Nigrospora oryzae^ 84 
sacchari, 84 
sphaerica, 84, 86 

Nonparasitic diseases, bends of grasses, 
256 

blast of cereals, 106 
brown leaf spot of barley, 21 
browm root rot of toliacco, 369 
chlorophyi deficiency, 66, 167 
chlorosis, 66, 134, 368 
chlorotic leaf spot, 256 
cold injury, 66, 109, 290, 291, 315 
dry leaf spot, of cereals, 106 
of grasses, 106 
false stripe of barley, 21 
firing of tobacco, 368 
frenehing of tobacco, 368 
frost injury, 66, 199, 290, 291, 315 
gray speck of cereals, 106, 200 
hail spots, 369 
heat canker, 355, 356 
heat scald, 66, 329, 369 ' 

heritable blotches, 66, 106, 167, 256 

leaf discoloration, 293, 329, 341, 368 
leaf necrosis, 200, 329, 341 
leaf scald, 66, 329, 341, 369 
lightning injury, 369 
mineral deficiencies, 21, 66, 106, 134, 
200,256,293,329 
boron, 21, 293 
copper, 21 
magnesium, 66, 368 
manganese, 106, 200 
phosphate, 66, 293, 368 
potash, 66, 293, 341, 368 


Nonparasitic diseast^s, proliferations, 256 
straight hetid of ri(‘e, 133 
sun >scal(l, 66, 329, 369 
w<‘ak neck of sorghum, 167 
wdiite tip of ric(‘, 134 
winter injury, 199, 290, 291 
(See also crop plant sj 
Northern anthru(!no.se of fdover, 323, 324 
O' 

Oat chromosome number, 105 
Oat disease I()ss<‘s, 106, 108, 123 
Oat <lis{‘as(* resistance, 108, 110, 116-118, 
121, 122, 123, 128 
Oat diseases, 105-128 
anthracnos(‘, 113, 159 
bacterial halo blight, 108-IU) 
bacterial stripe })]igiil, UO 
bhurk loose smut, 46, 51, 114, 115, 118, 
121,128 
blast, 106 

covered smut, 46, 54, 105, 114, 118, 121, 
128 

cro'wnrust, 105, 122, 123,124,125,128, 284 
downy mild(*w, 75, 110 
dry leaf spot, 106 
Fusarium blight, 1 1 1 
gray speck, 106, 200 
halo bliglit, 108, 109 
Helminthosporium blight, 111, 112, 113 
leaf blotch, 111, 112 
heritable leaf spot, 106 
mangaiu‘se deficiency, 106 
mineral defici(‘mry, 106 
mosaic, 108, 134, 2(K), 201, 256 
nonparasitic, 106 
powdery mildew, 1 1 1 
khizoctonia blight, 220 
rice dwarf, 134 

Scolecotrichum k^af blotch, 113 
Septoria leaf blotch, 113, 271 
stem rust, 105, 121, 123, 128, 163 
■ stripe rust, 238, 282 

virus, 108, 134, 200, 201, 256 
Oat varieties, Alber, 120, 128 
Anthony, 116, 119, 120, 121, 126, 127 
Appier, 126, 127 
Belar, 120, 126, 127 
Benton, 117 

Black Diamond, 116, 117, 119 
Black Mesdag, 116, 117, 119,' 128 
Bond, 120, 122, 123, 125, 126, 127, 128 
Bond X Anthony, 117 
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Dili varietic‘H, Boone, 117, 125 
CjiniaK, 116, 119 
128 

Cassel, 120 

diinton, 1 17 
Cowra, 120 

1)09 X Fa>mi, 117, 118, 121 
Fu!^i;}iuin, 116, 117, 119 
FiilnaT, 120 
r51a!>rot.ii, 120, 126, 127 
(lopOor, 120, 121 
(Jothiaud, no, 117, 119 
(Ireeii Mount, ain, 120, 126, 127 
Russian, 126, 127 
Hajira, 120, 12! 

Hawkt‘ye, 120, 120 
Huron, 117 
logold, 120, 121, 128 
Iowa, 1)07, 121 
Joanatte, 120, 121 
Jostrain, 128 
Kareela, 120 
Ixje .X Vietoria, 117 
Wina, 116, 119 
Marida, 121 
Marion, 117 
Markton, 117,. 128 
M..arvic, 117 
Minn., 742, 120, 121 
M.inriB, 120, 121 
Mf march, 116, 119 
Navarro, 1.28 
Neoslio, 117' 

Kieol, 116, 119 
Rainbow, 120, 121, 128 
Rangier, 117 
lied RuBtproof, 118 
Richland, 118, 120, 121, 128 
Riiakura, 120, 126, 127 
Rnnota, 121 
vSac., 121 
Sevmjthree, 120 
Bixty day, 122 
Sterisd, 120, 123, 127 
Bunris<s 126, 127 
Swedish Select, 1^ 

Tama, 125 

Ukraine, 128 

Vidand, 122, 125 

Victoria, 117, 120, 125-128 

Victoria X Richland, 117, 118, 121, 125 


Oat varieties. Victory, 116, 119, 120 
White Tartar, 120* 126-128 
Olpidium brassicae, S57 
trifoUi, 29S, 299, 325 
Onosmodiurny meml host, 284 
Ophioholus grarninis, 212, 213, 214, 263 
var. avenae, 214 

miyaheanus (see Cochliobolm miyahea- 
nm) 139 
oryzaSj 139 
oryzinuSj 138, 139 
sativus (see C. sativus), 40 
setariae (see C. setariae)^ 101 
Ornithogalum spp,, &7 
vmhellatum, aecial host, 57, 58 
Oryza saliva, 133 
spp., 75, 133 
Oryzopsis spp,, 278 
Oxalis corniculata, aecial host, 93 
cymbosa, 93 
europe, 93 
spp., 93 
siricUx, 93 

P 

Panicum miliaceum, 99, 134 
spp., 75, 256, 267, 280 
virgatum, 283 

Pasmo disease of flax, 355, 357, 358, 359 
Paspalum dilatatum, 259 
setaceum,2^Z 
spp., 259 

Passalora, genus, 269 
Pellicularia filainentosa, 145, 146, 220, 273, 
310, 337, 349, 384 
Pennidllitim spp., 74, 199 
Pennisetwm glaucum, 99 
purpureum, 192 
spp., 101, 259 

Peregrinm maidis, 66, 67, 184 
spp., 66, 184 

Perennial rust infection, 311 
Perennial smut infection of grasses, 7, 274, 
278 

Periderm function in disease, 11, 12 
Perkimiella saccharicida, 1,86 
vastatrix, 186 

Permospora hyoscyanii, 378, 390 
mamhurica, 332, 333 
nicoiianae, 378, 390 
tabacmaj 378, 379, 380 
tnfoliorum, 299, 300, 301, 325 
Peruvian flint corn resistant to streak, 67 
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Phmeliat aecial host, 284 
Phmomptoriaf genus, 271 ■, 

Phakopsora desmpunij \ 

Fhalaris anmdinmeaj 27B ■ 

' SPP...75, 283 ' 

Phellogen function in disease, 11, 290, 291 
Phlewn prateme^ 258, 266, 270, 274-276 
: spp.,156, 257,283 
Phoma linicola, 359 
medicaginiSj 302 
spp. 359 

trifoUi, 301, 302, 303, 318, 325 
Phosphate deficiency, 66 
Phragrnites communis^ 283 
spp. 75 ■ ' 

PhyUmhora grarninis, 262 
spp. 262 

Phymatotnchum omnivorum, 310, 321, 
337, 347, 348 

Phymato trichum root rot, 310, 321, 3^17, 
348, 349 

Physalospora^ spp. 80 

iucunmnensiB, 190, 191, 192 
zeae, 83, 84 
zeicola, 83 

Physiologic races of parasites, general, 2, 
50, 234, 238 

tables of, 28, 54, 56, 116, 119, 120, 126, 
144, 178, 228 

Physiological anatomy, of Grainineae, 4 
of Leguminoseae, 9 

Physiological specialissation, 2, 15, 28, 37, 
42, 44, 50, 54, 56, 58, 92, 116, 117, 
119, 120, 121, 125, 128, 144, 163, 177, 
178, 205, 223, 227, 231, 238, 244, 317, 
365 

Fhysodenna brown spot of corn, 70 
Pkymdenna zea'-rmydinj 70 
PhytomonoH (see Bacterium^ Cortjnehao 
terium, Pscudorrmimj and Xantho- 
rmnoB) 

Phytophthora caciormi^ 299, 325 
megmperma^ 299 
parmiiicaj 378 
var. nicotianaef 377, 378 
spp., 299 

Pirkularia oryzae^ 141, 142 
Pisum satimarij 332 
Plant defense meelianisms, 11 
Plenodomm melilotp 309 
PieoBpora herbamm^ 321, ,22, 325 
rehmiana^ 302 


Poa arnpla, 121 ■ 

pratensis^ 134, 264, 26t5, 274, 275, 284 
securida, 2()4: 

: Spp., 152, 156, 25<), 260, 202, 272,' 274, 
270, 277, 283 
trimalis, 264 

Pod ami stem Ihight of soybean, 334, 335 
Pokkah-hong of sugarcane, 190 
Polypogon. mofiHpelienHiHj 283 
Polyspora Imij 359, 360, 3f)l 
Pdythrincuun trijoiii == Cymadoikea 
irifolii, 318 

Potash defici(mcy, 66), 293, 329, 341, 368 
Powdery mildew, of cu'n-ais, 25, HI, 151, 
205, 259 
of clovers, 317 
control of, 27, 205, 259, 317 
effect of, on c()niposition, 25 
of grasscjs, 25, 205, 259 
of flax, 357 
resistamic of, 28 
of soybean, 334. 

PratylenchuB prateyms and wilt, 346 
Primordia of stems, developnient of, 7 
relation of, to disease, 7, 8 
systemic inf(?etion of, 7, 8, 49, 53, 91, 
274, 278 

Pseudo black cliaff of wheat, 201 
PseudoyiwnaH albopred pitmtH, 99 
audropogohi^ 168, 169 
ungulata^ 375, 376 
atrofaeiem^ 202 
coromtfaeiens, 108, 109, 110 
var. at-ropurpnrfMj 256, 257 
glycinm, 331 
itoanUj 134, 135 
medimgifds^ 297, 325 
sojae^ 331 
solanacearmn^ 373 
Btriafademj 1 10 
syringae^ 169, 317, 325 
iabmp 331, 374, 375, 376 
trifoliora ~ P. synngae^ 317 
Paeiidopeziza jormii^ 307, 308, 325 
mediaxginiSj 307, 308, 325 
meiiloti, 307, 308, 325 
trifolii, 308, 325 

Pseudo plea leaf spot clover, 319 
Paeudoplea trifolii^ 319, 320, 325 
Fuccinia anomala (see P. hordei) 
cormaiUj 123-128, 281-284 
dtspersa (see P. rubigo-vera) 
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Pucchria glumarmn^ 57, 163, 238, 239, 240, 
281-285 

graminh, 46, 56, 232, 233, 235, 243, 

281-284 

Viir. <i(/rodi{h\^, 281, 282, 283 
aveuac, 119, 120, 121, 282, 283 

phlei-prakK.slii, 281, 282, 283 

poae, 281, 282, 283 
,sm///,s, 5(>, 163, 282, 283 
trlt'ici, 56, 231, 232, 237, 238, 240, 
243, 282, 283 
hordcl, 57, 58 

284 

p(KW-Hudet{C(te, 284 
poll f mm, 93 
pur puma, 179 

ruldgo-^vera, 4(), 161, 246, 242, 281-284 
var. Hrcnils, 163, 164 
tritirl, 57, 241, 242, 243 
mmjhi, 92, 93 
dahtuanil, 350 
trilieiua (sae P. ru}>i(jo-vera) 

PucciudUa spp., 283 
Pidmonnria, aecial 284 
Pyrnnapeziza medirngluts (see Pmudope- 
ziza jouemi) 

Pyremphorn aveuae, 111, 112 
hromi, 264, 265 
gmminen, 36 
t€nm, 32, 33, 34 
tritid-repeutis, 266 

Pyihiuni aphanidermaium, 71, 357, 377 
unsioHporum, 203 

arrhenonmneH, 70, 71, 72, 170, 171, 189, 
203, 258 

deharymtum, 258, 299, 325, 332, 357, 377 

ddienm, 377 

graminicolum, 70, 71, 189, 203, 258 

intermedium^ 357 

irregulare, 357 

7iiamillatu7n, 357 

me(jalncanthum,ZNi 

splendenSf 299, 357 

spp., 70, 91), 170, 171, 176, 189, ^3, 
258, 264, 290, 332,376 
kmlicrescem, 203 
uliwium,2di) 
vexanSf 299, 357 
203 

Pythium damplng-off, 70, 258, 299, 357, 
376, 377 


Pythium root rot, 70, 72, 99, 170, 189, 203, 
258, 299, 357, 376 

Pythium seedling blight, 70, 72, 99, 258, 
299, 357 

Pythium stem rot, 170, 357, 376, 377 
R 

Ramulispora sorghi, 174 
Ranunculus, aecial host, 284 
Red c*lo var (see Clover, red) 

Red rot of sugarcane, 190 
Rhammis cathartica, aecial host, 123 
lanceolata, 123 
spp., 123, 124, 125, 284 
Rhizoctonia hataticola (see Sclerotiuni hata- 
ticola) 

crocorum (see Helicohasidiuni purpureum) 
aryzae, 144, 145 

solani (see Pellicularia filamentosa) 
spp., 88, 144, 170, 189, 263, 325 
violacea (see H. piurpwreimi) 
zeae, 89, 146 

Rhizoctonia blight, of cereals, 88, 144, 220 
of corn, 88, 89 
of grasses. 220, 273 
of rice, 144, 145 
of soybean, 337 
of wheat, 220 

Rhizoctonia canker, of cotton, 349, 350 
of tobacco, 384 

Rhizoctonia lesions, on rice, 144, 145 
on wheat, 220 

Rhizoctonia rot, of alfalfa, 310 
of corn, 88 
of clover, 310 
of cotton, 349, 350 
of sweet clover, 310 
of tobacco, 384 
Efeopifs spp., 74, 345 
Ehynchosporium orthosporum, 42, 43, 269 
semlis, 42, 43, 44, 159, 268, 269 
Ehynchosporium scald, of barley, 42, 44, 
159 

of graases, 42, 44, 159, 268, 269 
of rye, 42, 44, 159 
Rice chromosome number, 133 
Rice disease losses, 133 
Rice diseamj resistance, 141, 142, 144 
Rice diseases, 133-148 
bacterial kernel rot, 134 
bakanae disease, 135 


422 


BISEASES OF FIELD mOP'S' 


Rice diseases, black sbeatb rot, 138 
blast, 141, 142 
Cercospora spot, 142, 143 
culm rot, 135, 136, 139, 144 
downy mildew, 75 ' 

. dwarf or stunt, 134, 201 
false smut, 135 
Fusarium blight, 135 
Helminthosporium blight, 138, 139, 142 
kernel rot, 134, 135, 138, 139 
kernel smut, 46, 146, 147, 148 
leaf smut, 46, 147, 148, 276 
mineral dtdiciency, 134 
mosaic, 134 

nonparasitic rnahuiicss, 133 
Rhlzoctonia blight, 144, 145 
Ithizoctonia lesions, 144, 145 
rotten neck, 141 
Sclerotium blight, 136, 144, 146 
seedling blight, 139, 141 
sheatli and culm bliglit, 144 
straight liead, 133 
stripe virus, 134, 201 
white tip, 134 

Rice varieties, Blue Rose, 144 
Calora, 144 
For tuna, 144 
Mubo Aikoku, 141 
Red rice, 144 
Rexoro, 142, 144 
Texas Patna, 142 
Zenith, 142 

Ring spot virus, of swa^et clover, 295, 373 
of tobacco, 295, 372 

Roots, anatomy relation of, to disease, 7, 
70 

cambial and noncambial in legumes, 
10,293 

recovery of, from injury, 10, 71, 290, 291 
types of, 7, 10, 293 
winter injury in, 10, 199, 290, 299 
Rusts, of alfalfa, 310, 325 
of barley, 56, 57 4 

of cereals, 56, 57, 92, 120, 122, 163, 231, 
233 

of clover, 324, 325, 326 
of corn, 92, 93 
of cotton, 350, 351 

of grasses, 57, 122, 231, 233, 281-285, 
350 

of flax, 363, 364, 365 
of oate, 120, 122 


Rusts, of rye, 163 
of sorghum, 179 
.■■of, wheat, 231, 233, 241 
Rusty blotch of har!i!y, 42 
Rye chromosome minibcj’, 151 
Rye disease losses, 151 
Rye dis(;ases, 151-164 
anthracnose, 158, 159 
bacterial blight, 151,202 
bunt, 46, 161 
downy mildew, 75 
■ergot, 5, 32, 152, 153, 155 ■ 
foot rot, 152, 210 
Fusarium blight, 28, 74, 151, 206 
heati smuts, 161 
kermd smuts, 46, 161, 223, 229 
leaf rust, 163 
leaf scald, 42, 159, 269 
mosaic, 151, 2(X) 
powdery mikkiw, 151 
RhynchoHporium scald, 42, 44, 159, 269. 
rice dAV'arf, 134 
scab, 31, 74, ISi, 152, 206 
Septoria leaf blot ch, 159, IIMI 
Bium mold, 152, 210 
stalk smut, 46, 161, 162, 221^276 ■ 
stem rust, 163 
still king smut, 161, 224 
stripe rust, 163, 240 
virus, 134, 151 

S' ' . ■' 

Saccfiarum harberl 182 
officinarum, 75, 182 
rohmtmn^ 182 
mierme^ 182 

spontdmtm^ 73, 75, 182 'j 

. Spp., 190 ■ . 'i^: 

distjase reaction of species, 182 , , ■., 

Succothecium trifolii^Pmwhplea 
319 

Scaphytopim aciitm, 294, 295 
Schedonmmlm pameuiatm^ 283 
Sclerenchyma tissue relation to disease, 

13, 238 

Sderospora buderi^ 75 
farlowii^ 75 

graminicola, 73, 75, 99, 100, 101, 171. 

204, 259 
indica, 73 

javanica^S. maydis^ 73 
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Sclerospora mmrospora^ 73, 75, 110, 204, 
259 

vKujintHmna^l^ 
via lid 73, 75 
75 

nobln, 76 
northi, 75 
(fvyzae, 75 

phiUppwensiH, 73, 75 
Ha(xhan\ 73, 75, 190 
,sorgh\ 73, 75, 171 
Hpovtawaf 73, 75 

73, 75, 171, 190, 258 
Sderotinia trifolionmi, 320, 321, 325 
Sckrotium hatatlmlu, 174, 321, 337, 384 
oryzae — Lepfosphaeria salmnii, 136, 137 
roijHn, 222, 321, 336, 384 
sr)p., 263, 310, 345 
Bclerotiuin blij^iit, of alfalfa, 310 
of ccroals, 222 

of (*l<>v(^rs, 310, 320, 321, 325 
of grass(‘s, 222 
of n<v, 136, 144, 146 
of yorghuin, 174 
of Hoybcan, 336, 337 
of wheat, 222 

Seolecotrichurn grami7ii,% 269, 270 
var. avenae, 113 
Hciitellum rot of corn, 74 
Secalts cereale^ 151 
'^nontmiunij 283 
j^pp., 75, 163, 198 
Heed coat peiudration, 5, 10 
8(it*d inf(;ction, general, 7, 10 
See<i treatments, 20, 50, 101, 110, 116, 117, 
141, 172, 176, 210, 220, 227, 231, 258, 
341, 345, 357, 360 
Seedling anatomy, 5, 10 
Seedling blight, of barley, 28, 30, 38, 74 
of corn, 70, 74 
of <;otton, 343, 345 
of flax, 357 
of rice, 139, 141 
of sorghum, 170, 171 
of so.yl>eam, 334 
of wh(\at, 74, 206 

Selenophoma hromigena^ 271, 272, 273 
dmiocia^ 273 

SeiiiiixTmeabie iritmibranes, 5, 6, 10 
SeptoHu mmiae = Lepiosphaeria avejuzrm^ 
113 

bro7n% 271, 272 


Septoria elyrni, 272 
glycines, 336 
infmcans, 273 
jaculella, 271 
Tnacropoda, 272 

nodomm, 45, 217, 218, 219, 220 
ovdemansU, 272 
pacifica, 273 
passerinii, 44, 45, 271 
secalis, 159, 160 
var. stipae, 271 
sojae, 336 
sojina, 336 
spp., 271, 359 

iriiici, 217, 218, 219, 220, 271 
var. avenae, 113, 271 
hold, 271 
loUcola, 271 

Septoria leaf blotch, of cereals, 44, 113, 
159, 217, 271 

of grasses, 44, 113, 159, 217, 271-273 
of soybean, 336 

Sereh disease of sugarcane, 186 
Setaria glanca, 75 
italica, 75, 99 
hdescens, 103 
magna, 75 
spp., 73, 135, 259 
verticillata, 75 
viridis, 7b, 99, 101 
Sheath and culm blight of rice, 144 
Shepherdia canadensis, 284 
Sitanion hystrix, 271 
jubatuTU, 258 
spp,, 274, 280, 283 

Smuts, of barley, 46, 47, 51, 54, 114, 118 
of corn, 46, 89, 91 

of grasses, 45, 51, 54, 114, 118, 223, 229, 
274, 281 

of millets, 46, 102, 103 
of oats, 46, 51, 54, 114, 118 
of rice, 46, 146,' 148 
of lye, 46 , 224 , 22 # 
of sorghum, 46, 91, 17S-J 78 
of sugarcane, 193 
of wheat, 46, 222, 223, 229 
“Smutty, Federal grain grades, 55, 224 
Snow mold, of cereals, 152, 210, 262, 273 
of grasses, 152, 210, 262, 263, 273 
Snow^ scald of grasses, 263, 273 
Soja max, 329 
Sooty blotch of clover, 318 
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Sooty spike of grasses, 267 
Sooty stripe of sorglmm, 174 
Soreshin, of cotton, 349, 350 
of tobacco, 384 
Sorghadrum Hpp.f 
Sorghum anmdmacemn^ 7 5 
hdUperm, 166, 258 
plwnosuni^ 75 
spp., 75, 256 
vulgar 75, 166 
var. sudavense, 166, 258 
Sorgluiin chromosome nunite, 166 
Sorghum diseas(i losses, 167 
Sorghum (Iis(ause resistance, 171, 172, 177, 
178 

Sorghum diseases, 166”” 179 
aiithracnose, 172, 190 
bacterial blights, 70, 168, 169, 188, 189, 
258 

Cereospora spot, 174 
charcoal rot, 174 

covered kernel smut, 46, 176, 177, 178, 
280 

crown rot, 170 
downy mildews, 73, 75, 171 
Fusarium seedling l)light, 170, 171, 175 
Glocioccrcospora leaf spot, 172, 174 
head smut, 46, 91, 178 
Helminthosporium blight, 172, 267 
heritable leaf spots, 167, 256 
holcus spot, 169 
longsmut, 178 

loose kernel smut, 46, 175-178 
niilo disease, 170 
mosaicvS, 66, 168, 183 
nonparasitic maladies, 167 
leaf spots, 167 
weak neck, 167 

Pythium root and crown rot, 71, 170 
rust, 179 

Sclerotium blight, 174 
stalk rot, 171 
sooty stripe, 1 74 ® 
streak and stripe, 168, 169, 258 
virus, 66, 168, 183 
vreak neck, 167 
Sorghum types, 166, 178 
Sorosporiufn mpdhensmae, 280 
Southern aiithracnose of clover, 322, 323 
Soybean chromosome numbcu, 329 
Soybean disease losses, 329 
Soybean disease resistance, 332, 334 


Soybcian diseiwes, 329-337 
anthracnose, 334 
. bacterial blights, 331, 332 
pustiiic% 331, 332 
brown stmn rot, 337 
bud blight, 330, 331, 373 
Cereospora leaf spot, 335, 336 
downy mildew, 332, 333, 334 
frogeye leaf s|:)ot,., 335 
Fusarium wilt, 335 
mineral deficiency, 329 
mosatcfs, 329 

pod and stem blight, 334, 335 
powdtuy mildew, 334 
Pylhiiim root rot, 332 
Rhizoedonia blight, 337 
Sclerotial blight, 33fh 337 
seedling blight, 334 
Sciptoria spot , 336 
virus, 329, 330, 331, 373 
wildfire, 331, 374 

Sphacelotheca craenki^ 46, 175, 176, 177 
(kstrucnn, 40, 102, 103 
panicUmiliacei === S, dvdineim^ 46 
reiliana, 46, 91, 92, 178 
sorghi, 46, 176, 177, 178, 280 
■ Sphmrelh linoruni «« Mgemphaerdh lin* 
orum^ 359 

Sphenopholis spp., 283 
Sjnearia elegaus, 175 
Sparobolim niroiden^ 258 
spp., 267, 283 

Spot blotch, of barky, 32, 37 
of grtissc*s, 264-267 
of wheat, 215 

Spring hlac’k bUuu kjgumes, 301.-303, 318, 
325 

Stagonospora arenaria, 271 
rttdiloH (see Leptmphaena pratetmis) 
Stagonospora, genus, 271 
Stalk rots, of corn, Biplodia, 71 
Gihlxirella, 74 
Nigrospora, 84 
Stalk rot, of sorghum, 171 
Stalk smut, of grassc^s, 276, 277, 278 
of rye, 46, 161, 276 
Steam break of fiax, 359, 360 
Stem elongation, in cotton, 340 
effect of insects on, 11, 295, 31§ 
in legumes, 11, 293, 315 
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BUmphylmm botryosum^Pleospora her- 
barum,32l,322,m 
mrcinaeforme, 321, 322, 325 
BUjinphyliuin l<iaf spot of legumes, 321, 322 
Btem nisi, of (‘(‘rouls, 50, 56, 57, 121, 123, 
128,216,231 

of grasses, 56, 121,. 163, 231, 281, 282, 
283 . ■ 

litikagc^ for nssistance, 50 
Stewart’s wilt of corn, 07 
Stinking smut, of grasses, 224, 281 
of rye, 161, 224 
of wh<,‘at, 223, 225 
Stipa, spp., 271, 278, 283 
Btomata, r(‘iation of, to disease, 12, 235 
Straight h<‘ad of rice, 133 
Streak (lis(‘a.se, of corn, 66, 67, 184, 185 
of sugar(‘an(‘, 66, 184, 185 
of sw(‘et clover, 205 
Strips* disfiase, of barley, 32, 34 
of corn, 66, 67, 184, 185 
of ric(.‘, 134 

{)f HUgan^aiK.^, 66, 184, 185 
Stripe rust, of cta'cads, 57, 163, 238, 240 
of grasses, 57, 238, 240, 282-284 
Btript‘ smuts of grasses, 274, 275, 276 
Sulx'rin, relatioii of, to disease 7, 11, 12 
Sul>t(^rran<*an eshmsr (see Clover, sub- 
lerraiuain) 

Sudan grass diseasijs, 166-170 

anthracm^se, 159, 172, 173, 190, 102, 
258, 267 

bacterial blights, 168, 188 
coven?<l k(‘rnel smut, 177, 280 
Hehniiithosporium blight, 86, 88, 172, 
173,267 

k*ntat>l(i leaf spots, 167, 256 
holcus spot, bachTial, 169 
loos(^ kernel smut, 175 
Sugarcane, grass mosai<’s on, 66, 182, 256 
gn'tm type of, 182-184 
yellow types of, 182-184 
Sugarcane diseast; rc^sistanc^.i, 182-187, 193 
Sugarcane dLs(*ases, 182-194 
ant hracnosc^, 190 
l)act.enal stripe, 66, 168, 188, 258 
bacterial streak, 66, 168, 189, 258 
brown stripe, 192, 193 
chlorotic streak, 184, 185, 186 
Cobb’s !>acterial wilt, 69, 186, 187 
downy mildew, 73, 75, 171, 190 
dwarf, 186 


Sugarcane diseases, eye spot, 192 
fiji disease, 186 
Fusarium blight, 190 
Gloeocercospora leaf spot, 172 
gumming disease, 186, 187 
Helminthosporium leaf blights, 192, 193 
leaf scald, 187 

mosaics, 66, 182, 183, 184, 256 
pokkah-bong, 190 
Pythiurn root rot, 71, 189 
red rot, 190, 191, 192 
sereh, 186 
smut, 193 

streak virus, 66, 184, 185 
stripe virus, 66, 184, 185 
target blotch, 193 
virus, 66, 182-186, 256 
wilts, 186, 187 

Suscept (see botanical and common names 
of plants) 

Sweet clover diseases, 289-311 
common leaf spot, 307, 308, 325 
downy mildew, 299, 300, 325 
Fusarium wilt, 309, 310 
leaf spots, 304-307, 325 
mosaics, 294, 295, 325 
Phytophthora root rot, 299, 325 
Pythiurn rot, 299, 325 
Rhizoctonia root rot, 310, 325 
ring spot 295, 373 
root rot, 299, 325 
spring black stem, 301-303, 325 
Stem, phylium leaf spot, 325 
streak, 295 

summer black stem, 303, 304, 305, 325 
virus, 294, 295, 325 
wilt, 309, 310 
winter Injury, 290 
Symphytum^ hos% 2M 
Systemic infectioir, by Helminthosporium 
graminewn^ 36 
by smut fungi, 7, 49, 53, 55 
relation of, to prirm^dial culm develop- 
ment, 7, 49, 53, 55 


T ■ 

Take-all, of cereals, 212 
of grasses, 212, 214, 263 
of wheat, 212, 213, 263 
Tar spot, grasses. 262 
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Temperature damage, canker, . 35S, 356 
■■■lugh,66, 294, 34r\ ' 
low, 66, 167, 199, 290, 315, 341 
s(5ald, 66, 329, 36)9 
Teosinte diseases (st.'e Com) 

Ttiosinte-corn hybrids, 75 
Thalidrum jxjlygamum, 243 
spp. 242, 243, 284 
Thielavia basicola, 383 
Thtelavio'pda hmkola, 357, 382, 383 
Thurberia thespeiilaules (see GosHypium 
thurberi) 

Tilletia asperifoUa, 281 
caries, 46, 223, 225, 226, 228, 229, 281 
cerebrina, 281 
corona, 147 
elymi, 281 

foetem « 1\ foetidu, 46 
foetida, 46, 223, 225, 226, 228 

fmcfiy 2H1 
guyotiana, 280 
hold, 281 

horrida ^ Neoinmia horrida^ 46, 147 
indica—N, vniica, 226 
levis — Tilletia foetida, 46, 226 
spp., 147, 161, 224, 227, 280 
tritici ~ T. curies, 46, 226 
Timothy diseases, anthracnose, 267 
bacterial blight, 257, 258 
brown leaf blight, 267 
ergot, 259-261 
flag smut, 276 

Hehninthosporium leaf spot, 266 
leaf smuts, 274, 276 
stem rust, 281, 282, 283 
streak or brown l<‘af spot, 269, 270 
stripe smut, 274, 275 
Tobacco, types of, 368 
Tobacco chromosome number, 368 
Tobacco disease losses, 368 
Tobacco diseastj resistance, 368, 372, 378, 
384 

Tobacco diseases, 368-384. 
angular leaf spot, 375, 376 
bacterial leaf spot, 374, 375, 376 
bacterial wilt, 373, 374 
black fire, 375, 376 
black root rot, II, 382, 383 
black shank, 377, 378 
blue mold, 378, 379, 380 
brown leaf spot, 3^ 
brown root rot, 369 


Tobacco dis(?a.s(i.s, common mosaie, 370, 
. ■ 371,:372 . 

downy mildew, 378, 379, 380 
etch virus, 373 
freiiching, 368 
frogeye leaf spot, 382 
Fu.sarium wilt, 346, 380, 381 
Granville wilt., 373 
hail injury, 369 
leaf spotting, 3(>8 
lightning injury, 369 
mineral ddmoiwy, 368 
mosaics, 295, 370 373 
nonparasitii* maladies, 308, 369 
J^ythium damping-oil, 376, 377 
Pythium stem rot, 376, 377 
Rhizoctonia rot, 384 
ring spot virus, 295, 330, t331, 370, 372, 
374 

soreshin, 384 

|treak virus, 295, 370, 373, 374 
virus, 295, 330, 331, 370, 372, 373 
wildfire, 374, 375,376 
yellowing, 368 
Tolmeco etch virus, 373 
Tobacco ring spot virus, on soybean/ bud 
blight, 330, :i:ii 
on tobm^co, 295, 370, 372, 374 
Tobacco streak virus, on sweebd over, 295 
on tobacco, 370, 373, 374 
Tolyposponum ehrenbergii, 17B 
penidllariae, 102 
Trifolium hyhridmn, Zlo, Z2A 
mcarnatum, 315, 316, 324 
mediurn, 324 
pratense, 315, 317 
rcpc?i«, 315, 324 
Trimlia fiava, 283 
Triseium, spp., 283 
Triiicum aegihpoides, 197 
uestiimm^ 197 
com'ixictum, 197 
dicaccoides, 197 
dicoccum, 197, 198, 222 
durum, 197, 206, 243 
macha, 197 

momcoccum, 197, 198, 205, 243 

orienkde, 197 

persicum, 197 

pyramidale, 197 

spelki, 197 

sphaerococcum, 197 
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TrWcum spp., 57, 75, 1<)7, 198, 236, 271 
thaoUfiar, 197 
liiNorun'iUfi , 19.S, 205 
timophen'i, 222, 238, 243 
Inrijiflmn, 197 
varihu'i, 9J7 

imlgare, 997, I9H, 206, 236, 238, 243 
.Tiib(*rr!iliiria«‘**ju% 172, 174 
Tyfiistiia biighi, of clovtir, 321 
’of 221. 263, 273 

uf whi’iil, 221, 273 
Tgphnld 222 

IdahiH units, 22 1 

ipKuttt, 221, 273 
Hpp., 2rt3, 273 
321 


I' rvfld m'tjvfjuu , '\T\ 

Vrncgnlin imrupyn ^ HU, 229, 275, 276 
occulta, 4*6, 161, W2, 229, 276 
Hpp., 274 

irillci, 4lb 161, 229, 230, 231, 276 

UnmiiiCfH Hcmphilm, 325, 326 
gitmim, 310, 325 
driatm mcfUragim^, 310 
trifidii, 324, 325 
VM. faUcm, 324 
hphridi, 324 
IrifaiiMrpenik^ 324 

Umphipefin aiptifae, 297, 298, 299, 325 ■ 
irifidii Olpidinm tnjalii) 
i \Hiiiaffifimdfa. arpzm » U, mrem, 135 
HePidaf, 135 
fitroB, 135 

i \Hti Irif/o aculeu k , 276 
ammc, 46, 51, 114-119 
hramirarn » V , hullaia, 2S0 
imihiM, 27% 280 
miwm, 46, 102, 103 
cchinaia, 276 
hakphik,27B 
/iw/ri, 46, 52-55 

hgpmipicn « (5 halaphUa, U. numnwr 
htrm, (5 tmllinmm, IL spegazzinii, 
277, 278 

kdleti, 46, 54, 115-121 
tea# « kfdkn, 46, 54, 1.19 
hngimima, 276 
lorentzianu » bidlaki» 280 , 


Usiilago maydis, 46, 89, 90 
mediam » I/, nigra, 50, 51, 114 
mulfordiana, 280 
neglecta, 103 
nigra, 46, 50-54, 114 
ntula, 45-49, 222 
num?nularia, 278 
perennans, 114 
scitaminea, 193 
sitardi, 280 
s'pegazzinii, 277 
var. agrestis, 277 
spp. 45, 114, 161, 274 
striiformis, 274, 275, 276 
triiici, 46, 48, 161, 222, 223 
williamsii, 278 
zeae =* IL maydis, 46, 89 

V 

Vectors (see Aphids and Leaf hoppers) 

Verticillium alho-airwn, 347 
dahliae, 347 

Verticillium wilt of cotton, 347 

Virus, characteristics of, 370-372 
etch, of tobacco, 373 
history of diseases, 3, 134, 370 
intracellular bodies associated with, 67, 
134,186,201 

transmission of, 3, 66, 108, 134, 182, 184, 
186, 201, 294, 295, 316, 329, 331, 
341, 370, 372, 373 

Virus diseases, of alfalfa, 294, 295, 325 
of clover, 294, 295, 316, 325 
of corn, 66, 182-185, 256 
of cotton, 341 

of grasses, 66, 183, 200, 201, 256 
of millets, 183 

of oats, 108, 134, 200, 201, 256 

of rice, 134, 201 

of rye, 134, 151 

of sorghum, 66, 168, 183 

of soybean, 329-331 

of sugarcane, 66, 182-186, 256 

of sweetclover, 294, 295, 325 

of tobacco, 295, 330, 331, 370, 372, 373 

of wheat, 134, 151, 200, 256 

Virus vectors (see Aphids and Lt^afhoppers) 

W 

Weak neck of sorghum, 167 
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Wheat chromosome rmmb(3r, 197 
Wheat disease losses, 199 
Wheat diseiise resistance, 197, 223, 227, 
231,238,241 
Wheat diseases, 197-244 
anthracnosa, 158, 150, 217 . 
bacterial blights, 134, 201, 202 
basal glume rot, 202 
black chaiT, 134, 201 
black point, 40, 216 
bro\\’'n necrosis, 201, 238 
browning root rot, 203, 258 
bunt, 46, 197, 223, 225 
crown rot, 206, 210, 213, 215, 219 
culm.rot, 213, 215 , 
downy mildew, 75, 204 
dwarf bunt, 226, 227 
ergot, 32, 152, 205 

flag smut, 46, 161, 229, 230, 275, 276 
foot rot, 152, 210, 212, 215, 262 
frost injury, 7, 199, 200 
Fusarium bligiit, 28, 74, 206, 216 
Gibberella, blight, 28, 74, 135, 206 
glume blotch, 217, 218, 219 
glume rust, 57, 238, 239, 240 
gray speck, 106, 200 
head blight, 28, 74, 206, 210 
Heiminthosporiurn blight, 38, 139, 215, 
216, 217 
leaf spot, 217 
heritable leaf spot, 200 
kernel smut, 197, 223, 225 
leaf necrosis, 200 
leaf rust, 197, 238, 241 
loose smut, 46, 48, 222 
manganese deficiency, 106, 200 
melanism, 201 
mineral deficiency, 106, 200 
mosaics, 134, 151, 200, 201, 256 
Neovossia smut, 226 
nonparasitic maladies, 199, 200 
powdery mildew, 197, 205 
pseudoblack chaff, 201 
Pythium root rot, 203 
Phizoctonia blight, 220 
rice dwarf, 134 
root rot, 203, 213, 215 
rust, 231, 233, 241 
scab, 206, 210 
Sclerotium blight, 222 
seedling blight, 39, 74, 206, 210 


Wheat diseiises, Bifpioria glume blotch 

217,218,219 
leaf blotch, 217, 218, 219 
smuts, g(m<‘ral, 4(5 
snowmold, 210, 212, 262' 
spot blotch, 215 
stem rust, 56, 163, 231, 233, 238 
stinking smut, 46, 223, 225 
stripe rust, 57, 238, 239, 240 
take-all, 212, 213, 214, 263 
Typhiila blight, 221, 222 
virus, 134, 151, 2(K), 256 
winbT killing, 199, 200 
Wheat varhuies, Acme, 236 
Allat, 228 
Afx^x, 216 
Axminister, 205 
Banat, 223 
Ganns, 228 
Churl, 205 
Dawson, 223^ 

Dixon, 205 , 

Fedt‘ral;iori, 223 
Florence, 227 
Forward,'223 
Henry, 205 

H-41, 198, 201, 202, 236 

Hf>heii}a4na‘r, 227, 228 

Hope, 198, 201, 202, 205, 223, 227, 236. 

238, 243 
Huron, 205 
Hussar, 223, 227, 228 
lumillo, 236 
KanrtHi-Gipsy, 223 
Kawviile, 223 
Kenya, 236, 238 
Kolben, 2(K) 

. Ijcmp, '223 
Marquis, ,,228 
■■■■ Martin, '228 

McMurachy's 8(4., 236, 238 
,' Mkia, 205 ' ■ ' 

Mindum, 228 

Nabawa, 229 

Nabob, 223 

Norka, 205 

Oro, 227, 228, 231 

Oro X Federation-38, 23! 

-40, 231 
Preston, 223 
Purdue 1,,223 
Hex, 227 
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Wheat varieties, lii (lit, 227, 228 
Kio, 227 
;,EivaV205 
' Sonora, 205 
Thatcher, 205, 216 
Trumbull, 223 ■ 

IJlka, 228 
Wabash, 223 , 

White Odessa, 228 
Whitii fly of cotton, 341 
Whi{.(‘ tit) of rice, 134 
Wildfins of soybean, 331 
of tobacco, 374, 375, 376 
Wilt (see Bachirial, Fusarium,Vertici}lium) 
Wiidm* injury, of alfalfa, 10, 290 
of clover, 290 
of wlHiat, 7, 199, 200 
Wit.<4u‘s' l)room of alfalfa, 11, 294 
Wojnoivicia graminitij 214 
Wound response in roots, 7, 13, 290, 291 

. x: 

Kanthomonas holeicola, 168, 169 
malvaceanim , 34 1 -3*1 5 
pkmeoli var. sojetuse, 331, 332 


Xanthomonas ruhrilineam^ 188, 189 
translucens^ 21, 22, 23, 110, 256 
f. sp. cerealis, 257 
phleipratensisj 258 
secaliSj 151 
undulosa, 201, 202 
vasculorumy 69, 186, 187, 188 

Y 

Yellow leaf blotch of alfalfa, 308 

Yellows, of alfalfa, 293 
of clover, 315 

Z 

Zea mays, 65, 75 
var. amylacea, 65 
everta, 65 
mdentata, 65 
indimita, 65 
saccharaia, 65 
tunicata, 65 

Zizania aqvutica, 148, 276 


